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or' usefulness of the information contained in this 
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or for damages resulting from the use of any infor- 
mation, apparatus, method or process disclosed in  
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any employee or contractor of NASA, or employee of such con- 
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Foreword 

The work desc r ibed  h e r e i n  i s  be ing  performed by t h e  General 
E l e c t r i c  Company under  t h e  sponsorsh ip  of t h e  Nat iona l  Aeronaut ics  
and Space Admin i s t r a t ion  under  Cont rac t  NAS 3-2534. Its purpose ,  
as o u t l i n e d  i n  t h e  c o n t r a c t ,  i s  t o  e v a l u a t e  m a t e r i a l s  s u i t a b l e  f o r  
po tass ium l u b r i c a t e d  j o u r n a l  bear ing  and s h a f t  combinat ions f o r  
u s e  i n  space  s y s t e m  tu rbogene ra to r s  and,  u l t i m a t e l y ,  t o  recommend 
t h o s e  m a t e r i a l s  most a p p r o p r i a t e  for such employment. 

R .  G .  Frank,  Manager, Phys ica l  Meta l lurgy ,  M a t e r i a l s  and 
P r o c e s s e s ,  i s  a d m i n i s t e r i n g  the  program f o r  t h e  General  E lec t r ic  
Company. L. B,  Engel ,  Jr ,  , D. N .  Mike t ta ,  T. F. Lyon, W. H. 
Hendrixson and B. L. Moor a r e  d i r e c t i n g  t h e  program i n v e s t i g a t i o n s .  
The des ign  f o r  t h e  f r i c t i o n  and wear t e s t e r  i s  be ing  executed  by 
H. H. E r n s t  and B. L. Moor. 

R. L. Davies of t h e  Nat ional  Aeronaut ics  and Space Admin i s t r a t ion  
i s  t h e  t e c h n i c a l  manager f o r  t h i s  s tudy .  
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I INTRODUCTION 

The program reviewed in this fifth quarterly report, covering 
activities from April 22, 1964 to July 22, 1964, is performed under 
the sponsorship of the National Aeronautics and Space Administration. 
Its purpose is to evaluate materials suitable for potassium lubricated 
journal bearing and shaft applications in space system turbogenerators 
operating over a 400°F to 1600°F temperature range. The critical role 
of bearings in such systems demands the maximum reliability attainable 
within today's state-of-the-art. 
an interdisciplinary approach employing the best mechanical designs 
of journal bearings combined with the selection of the optimum materi- 
als to serve as the structural members. Satisfying this latter re- 
quirement constitutes the aim of this program. 

Achieving this reliability requires 

A number of investigators have conducted studies in this field 
and their contributions have advanced the state-of-the-art consider- 
ably (Section VIII, Ref. 1). Although their work is significant, 
there are no common criteria for a comparison of the existing data. 
Therefore, establishing a unified approach to the development and 
evaluation of materials for potassium lubricated bearing application 
is deemed essential. The program involves a comprehensive investi- 
gation of material properties adjudged requisite to reliable journal 
bearing operation in the proposed environment. This includes: 
1) corrosion testing of individual materials and potential bearing 
couples in potassium liquid and vapor, 2) determination of hot hard- 
ness, hot compressive strength, modulus of elasticity, thermal ex- 
pansion and dimensional stability characteristics, 3)  wetting tests 
by potassium and 4) friction and wear measurements of selected bear- 
ing couples in high vacuum and in liquid potassium. 

In cooperation with the cognizant NASA Technical Manager, 14 
candidate materials were selected (Table I) from a compilation of 
existing data on available materials. The materials reviewed fall 
into four broad categories: 

Superalloys and refractory alloys 
with and without surface treatment. e 

e Commercial metal bonded carbides. 

Refractory compounds such as stable 
oxides, carbides, borides and nitrides. e 

Cermets based on the refractory 
metals and stable carbides. 0 

-1 - 



Each material is procured from appropriate suppliers to mutually 
acceptable specifications and subsequently is subjected to chemical, 
physical and metallurgical analyses to document its characteristics 
before utilization in the program. After the documentation of processes 
and properties, the candidate materials undergo corrosion, dimensional 
stability, thermal expansion, compression and hot hardness testing. 
Considering the bearing material requirements and the preliminary in- 
formation obtained on materials subjected to both potassium and non- 
potassium testing, a number of materials combinations will be selected 
in cooperation with and subject to the approval of the NASA Technical 
Manager. Potassium corrosion and wetting tests and friction and wear 
measurements in high vacuum and liquid potassium will then proceed 
with these combinations. 

The ultimate product of this program will be a recommendation, 
substantiated with complete documentation, of the material or materi- 
als which have the greatest potential for use in alkali metal journal 
bearings in high speed, high temperature, rotating machinery for space 
applications. Hopefully, the results will indicate the future course 
of alloy or material development specifically designed for alkali 
metal lubricated journal bearing and shaft combinations. 

- 2- 



TABLE I.: CANDIDATE BEARING MATERIALS 

-~ 

Material Class 

A. Nonrefractory Metals and Alloys 

B. Refractory Metals and Alloys 

C. Fe-Ni-Co Bonded Carbides 

D. Carbides 

E. Oxides 

F. Borides 

G. Refractory Metal Bonded Carbides 

-3- 

Candidate Material 

Star J (17%W-32%Cr-2.5%Ni-3%Fe- 
2.5%C-Bal. Co) 

Mo-TZM (0.5%Ti-O.08%Zr-Bal. Mo) 
W 

Carboloy 907 (74%WC-20%TaC-6%Co) 
Carboloy 999 (97%wC-3%Co) 
K601 (84.5%W-lO%Ta-5.5%C) 

Tic 

Lucalox (A120 ) 
Zircoa 1027 (2rOZ) 

t1b2 
TiC+5%W 
Ti C+1 O%Mo 
TiC+lO%Cb 
Grade 7178 



XI. SUMMARY 

During the fifth quarter of this program, the topics abstracted 
below were covered and the results are interpretatively presented in 
this report. 

Partial shipment of test specimens of each specimen type were 
received during the report interim. The procurement status of the 
test specimens is: corrosion, 93% complete; dimensional stability, 
66% complete; thermal expansion, 54% complete; hot hardness, 71% 
complete; compression, 7% complete. 

Thirteen pounds of potassium were purified for the isothermal 
capsule corrosion tests by vacuum distillation followed by hot trap- 
ping in a titanium lined, zirconium gettered hot trap. Chemical 
analyses after purification show the majority of the metallic im- 
purities to be below the detectable limits and the oxygen content 
to be less than 10 ppm. 

Three separate checkout tests were performed with the isothermal 
capsule corrosion test facility in the 10-9 torr range. The mean 
temperature deviations were found to be + 0.74% at a mean test tempera- 
ture of 1628OF; + 1.40% at a mean test temperature of 1200°F; and 
- + 2.13% at a mean test temperature of 809OF. 
alloy capsules containing 2 specimens of Carboloy Grades 907 and 999, 
Lucalox, ZrO2, Mo-TZM and tungsten, respectively, were filled with 
potassium and tested isothermally for 1,000 hours at 1600°, 1200° and 
800°F, The chamber pressure at the end of the. test was 9.9 x 10-l' torr. 
Thirty-four additional capsules have been prepared and are ready for 
filling with potassium. 

Three sets of 6 Cb-1Zr 

Two checkout tests were conducted with the dimensional stability 
test facility in the lo-' torr range, The mean temperature deviations 
were found to be + 0,49% at a mean temperature 1603OF; + 0.62% at a 
mean temperature f 1202OF and + 0.83% at a mean temperature of 757OF. 
Duplicate test specimens f o r  10-materials were placed on test at 1600°F 
and 1200°F. At the end of this reporting period the 1600°F test had 
accumulated 540 hours and the 1200°F test had accumulated 440 hours. 
The pressure at that time was 8.5 x lo" t o r r .  

Checkout tests on the thermal expansion and hot hardness faci- 
lities indicate that the test environments are suitable fo r  the 
evaluation of all materials in the current program. The test pro- 
grams will be initiated in the next report interim. 

The design of the liquid potassium friction and wear tester was 
reviewed extensively during the reporting period and, with the 

-5 - 



except ion of t h e  potassium h e a t e r ,  a l l  drawings have been f i n a l i z e d  
and approved by t h e  NASA Technical Manager. Purchase o r d e r s  f o r  
t h e  cons t ruc t ion  of t h e  var ious  components of t h e  tes t  r i g  were 
r e l e a s e d  and f a b r i c a t i o n  should be completed by t h e  end of November, 
1964. 

-6- 



I I I .  MATERIALS PROCUREMENT 

Del ivery  of t h e  v a r i o u s  cand ida te  bea r ing  material specimens con- 
t i n u e d  throughtout  t h e  r e p o r t  per iod .  With t h e  e x c e p t i o n  of TiB2, 
e i t h e r  complete o r  p a r t i a l  shipments of each specimen t y p e  were re- 
ce ived  f o r  a l l  of t h e  m a t e r i a l s .  Shipment of specimens of t h e  TiB2 
material has  been delayed u n t i l  e a r l y  August.  Table  I1 summarizes 
t h e  procurement s t a t u s  f o r  t h e  f o u r t e e n  materials as of J u l y  22, 1964. 
The m a j o r i t y  of t h e  vendors have had on ly  minor d i f f i c u l t i e s  i n  pro-  
ducing t h e  c o n f i g u r a t i o n s  r equ i r ed  f o r  t h e  c o r r o s i o n ,  dimensional  s t a -  
b i l i t y ,  thermal  expansion and hot hardness  specimens.  R e j e c t i o n  of a 
g r e a t e r  number of samples i n  f i n a l  i n s p e c t i o n  r e s u l t e d  i n  s l i p p a g e s  
of t h e  promised d e l i v e r y  d a t e s  f o r  t h e s e  specimens.  I t  w a s  necessa ry  
t o  p rocess  a d d i t i o n a l  specimen blanks i n  o r d e r  t o  produce t h e  r e q u i r e d  
number of a c c e p t a b l e  t es t  specimens.  The compression specimens (See 
F igu re  1, Reference 4),  w i t h  t h e i r  r e l a t i v e l y  l a r g e r  mass and more in -  
t r i c a t e  shape ,  have p r e s e n t e d  cons ide rab ly  more problems i n  f a b r i c a t i o n .  
A s  of J u l y  22, 1964, a complete set of compression specimens had been 
r e c e i v e d  of on ly  one m a t e r i a l ,  i . e . ,  t h e  Mo-TZM a l l o y .  

The c o r r o s i o n  and dimensionsal  s t a b i l i t y  test specimens f o r  s i x  of 
t h e  c a n d i d a t e  bea r ing  materials were r ece ived  e a r l y  i n  t h e  q u a r t e r .  
The s i x  materials involved  were Carboloy Grade 999, Carboloy Grade 907, 
Lucalox,  Z i r coa  1027, Mo-TZM a l l o y  and una l loyed  t u n g s t e n ,  The s p e c i -  
mens machined from t h e  Mo-TZM a l l o y  and una l loyed  t u n g s t e n  b a r  s t o c k  
w e r e  p e n e t r a n t  i n spec ted  a t  General E l e c t r i c  u s i n g  t h e  pos t -emuls i -  
f i c a t i o n  p rocess  (AMs 2645) and minor edge ch ipp ing  w a s  found on s e v -  
e ra l  specimens of each  m a t e r i a l .  S i x  c o r r o s i o n  tes t  specimens from 
each  of f o u r  of t h e  c a n d i d a t e  m a t e r i a l s ,  i . e . ,  Carboloy Grade 999, 
Carboloy Grade 907, Lucalox and Z i rcoa  1027,were released on May 1, 
1964 f o r  t h e  necessa ry  p r e t e s t  c l e a n i n g ,  weighing and dimensional  
measurement o p e r a t i o n s .  A s imi la r  number of c o r r o s i o n  test specimens 
of t h e  Mo-TZM a l l o y  and unal loyed tungs t en  were r e l e a s e d  on May 6 ,  
1964.  

B o  v i s i t s  were made t o  Kennametal, I n c , ,  La t robe ,  Pennsylvania ,  t o  
e x p e d i t e  t h e  p r o c e s s i n g  of t h e  c o r r o s i o n  and d i m e n s i o n a 1 , s t a b i l i t y  
specimens of t h e  s i x  m a t e r i a l s  be ing  s u p p l i e d  by them and t o  d i s c u s s  
t h e i r  o v e r a l l  p rog res s  and f u t u r e  d e l i v e r y  d a t e s .  In  rev iewing  t h e  
work done on t h e  l o t  of T i c ,  r equ i r ed  for t h e  f a b r i c a t i o n  of t h e  pure  
T i c ,  and t h e  r e f r a c t o r y  metal bonded T i c  test specimens,  i t  w a s  po in t ed  
o u t  t h a t  the T i c  had picked-up a s u r p r i s i n g l y  l a r g e  amount of WC (3-50/0) 
d u r i n g  t h e  m i l l i n g  o p e r a t i o n .  The m i l l i n g  o p e r a t i o n  is c a r r i e d  ou t  i n  
a WC l i n e d  c o n t a i n e r  u t i l i z i n g  WC b a l l s ,  E f f o r t s  by t h e  vendor t o  
e l i m i n a t e  t h i s  c o n d i t i o n  have been u n s u c c e s s f u l ,  

M i l l i n g  t h e  T i c  i n  s teel  c o n t a i n e r s  r e s u l t e d  i n  t h e  contaminat ion  
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of t h e  T i c  by i r o n  which could  not be removed chemica l ly  wi thou t  
s e r i o u s l y  a f f e c t i n g  t h e  q u a l i t y  of t h e  T ic .  Although t h e  WC cou ld  
be e l i m i n a t e d  by u s i n g  a T i C  l i n e d  m i l l  and T i c  b a l l s ,  t h e  c o s t  
would be p r o h i b i t i v e  f o r  t h i s  program. Therefore ,  a d e c i s i o n  was 
made t o  accept  t h e  T i c  w i t h  t h e  WC impur i ty  w i t h  t h e  unde r s t and ing  
t h a t  t h e  columbium, molybdenum and tungs t en  bonded T i c  materials 
would be processed  from t h i s  master  ba t ch  of T i c  powder and would, 
t h e r e f o r e ,  c o n t a i n  s i m i l a r  q u a n t i t i e s  of t h e  WC as an impur i ty .  In  
t h e  case of t h e  tungs t en  bonded T i c ,  i t  was agreed  t o  add t h e  tungs t en  
m e t a l  i n  t h e  f u l l  5% amount as o r i g i n a l l y  planned.  

Radiographic  i n s p e c t i o n  of t h e  i n i t i a l  group of TiC+lO%Mo s p e c i -  
mens r evea led  a vo id  nea r  t h e  c e n t e r l i n e  of t h e  m a j o r i t y  of t h e  s p e c i -  
mens. Th i s  c o n d i t i o n  w a s  t e n t a t i v e l y  a t t r i b u t e d  t o  p o s s i b l e  oxygen 
pick-up by t h e  molybdenum powder d u r i n g  t h e  m i l l i n g  o p e r a t i o n  and t h e  
r e s u l t a n t  format ion  of Moo3 dur ing  t h e  vacuum s i n t e r i n g .  

Sound specimens of t h e  TiCtlO%Mo composi t ion have s i n c e  been pro-  
duced by t h e  vendor by u s i n g  a c o a r s e r  grade of molybdenum powder and 
p r e - s i n t e r i n g  t h e  green  compacts a t  a tempera ture  of 1300°F b e f o r e  t h e  
f i n a l  s i n t e r i n g  o p e r a t i o n .  Radiographic i n s p e c t i o n  of t h e  specimens 
w a s  performed i n  t h e  p re - s in t e red  s t a t e  so t h a t  d e f e c t i v e  specimens 
cou ld  be d i s c a r d e d  b e f o r e  proceeding wi th  t h e  f i n a l  s i n t e r i n g  and 
g r i n d i n g  o p e r a t i o n s .  

By e a r l y  June ,  d imens iona l  s t a b i l i t y  test specimens were r ece ived  
f o r  1 0  of t h e  cand ida te  m a t e r i a l s  and ,  on June 1 2 ,  1964,  f o u r  dimensi-  
o n a l  s t a b i l i t y  specimens of each of t h e  10  m a t e r i a l s  were r e l e a s e d  
f o r  t es t .  The materials included Carboloy Grade 999,  Carboloy Grade 
907 ,  Lucalox,  Zi rcoa  1027,  Mo-TZM a l l o y ,  una l loyed  tungs t en  K-GO1 , 
T i c ,  TiC+lO%Cb and Grade 7178. An a d d i t i o n a l  specimen of each of t h e  
Carboloy Grade 907 ,  Mo-TZM a l l o y  and t h e  Lucalox materials w a s  g iven  
a h e a t  t r ea tmen t  of 1 hour  a t  1800°F i n  a vacuum of 1 x t o r r  
p r i o r  t o  t h e i r  release f o r  i n c l u s i o n  i n  t h e  group of specimens t o  be 
t e s t e d  a t  1GOOOF. The purpose of t h e  vacuum h e a t  t r ea tmen t  i s  t o  
e s t a b l i s h  any advantageous e f f e c t  a pre-test  thermal  t r ea tmen t  might 
have on t h e  d imens iona l  s t a b i l i t y  of t h e  m a t e r i a l s  by r e l i e v i n g  pos- 
s i b l e  machining s t r e s s e s  induced by t h e  f i n a l  g r i n d i n g  o p e r a t i o n .  

With t h e  approach of t h e  completion of t h e  f i r s t  1,000-hour cor -  
r o s i o n  test i n  mid-July,  a d d i t i o n a l  specimens were r e l e a s e d  f o r  p r e -  
t e s t  p r e p a r a t i o n s  f o r  t h e  second test  run .  S i x  specimens each  of 
K-601, T i c ,  TiC+l%Cb, Grade 7178 and S t a r  J were r e l e a s e d  on J u l y  
7 ,  1964 and s i x  specimens of TiC+5%W and two specimens of TiC+lO%Mo 
w e r e  r e l e a s e d  on Ju ly  22 ,  1964. 

In  g e n e r a l ,  t h e  vendors have been co-opera t ive  i n  t h e  documenta- 
t i o n  of t h e  m a t e r i a l  h i s t o r i e s .  Samples of t h e  v a r i o u s  e lementa l  
c o n s t i t u e n t s  and of t h e  blended powders were t a k e n ,  i d e n t i f i e d  and 
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s t o r e d  i n  s e a l e d  v i a l s .  Complete p r o c e s s i n g  d a t a  were r eco rded  i n  t h e  
v e n d o r ' s  f i l e s  and p e r t i n e n t  d a t a  p rov ided  w i t h  t h e  v a r i o u s  specimens.  
A s  m a t e r i a l  d a t a  accumulates ,  a foremat  w i l l  be developed f o r  presen-  
t a t i o n  of t h e  in fo rma t ion  of t h e  v a r i o u s  mater ia ls .  Each vendor has  
expres sed  a w i l l i n g n e s s  t o  p r o v i d e  p r o c e s s i n g  i n f o r m a t i o n  w i t h i n  t h e  
bounds of p r o p r i e t a r y  i n t e r e s t s .  

I n  a d d i t i o n  t o  t h e  d a t a  s u p p l i e d  w i t h  t h e  specimens by t h e  vendors ,  
f u r t h e r  q u a l i t y  a s su rance  t e s t i n g  of t h e  a s - r ece ived  material  i s  be ing  
performed a t  General E l e c t r i c ,  The d a t a  be ing  o b t a i n e d  as p a r t  of t h e  
q u a l i t y  a s su rance  program i n c l u d e s :  m i c r o a t r u c t u r a l  a n a l y s e s ,  hard- 
n e s s ,  chemical a n a l y s e s ,  s u r f a c e  roughness ,  random d e n s i t y  measure- 
ments and ,  i n  t h e  case of t h e  compression specimens,  u l t r a s o n i c  in -  
s p e c t i o n .  An e x t r a  Mo-TZM a l l o y  compression specimen w i l l  be notched 
t o  s e r v e  as a u l t r a s o n i c  s t a n d a r d .  Three n o t c h e s ,  each  0.0038-inch 
deep x 0.003-inch wide by 0.500-inch l o n g ,  w i l l  be  machined i n  t h e  
reduced s e c t i o n  of t h e  specimen. One no tch  w i l l  be  p a r a l l e l  t o  t h e  
l o n g  a x i s  of t h e  specimen, t h e  second no tch  w i l l  be  p e r p e n d i c u l a r  t o  
t h e  f i r s t  notch and one q u a r t e r  t h e  d i s t a n c e  around t h e  gauge s e c t i o n  
and t h e  t h i r d  no tch  w i l l  be i n s c r i b e d  i n  t h e  r a d i u s  of t h e  reduced 
s e c t i o n .  T ransve r se  and l o n g i t u d i n a l  s h e a r  wave t e c h n i q u e s  w i l l  be  
used i n  t h e  i n s p e c t i o n  of each compression specimen. 

Each vendor has  provided a m e t a l l o g r a p h i c  specimen of t h e i r  mate- 
r i a l .  The specimens were p o l i s h e d  acco rd ing  t o  vendor recommended 
p o l i s h i n g  and e t c h i n g  p rocedures .  These specimens w i l l  be used f o r  
comparative purposes  i n  t h e  p r e p a r a t i o n  of m e t a l l o g r a p h i c  samples  of 
t h e  as-received mater ia ls  and t h o s e  t e s t e d  specimens r e q u i r i n g  metal-  
l o g r a p h i c  examinat ion as a b a s i s  of e v a l u a t i o n .  

A t  t h e  end of t h e  r e p o r t  i n t e r i m ,  t h e  o v e r a l l  procurement s t a t u s ,  
based on the  t o t a l  number of specimens o r d e r e d ,  w a s  app rox ima te ly  62% 
complete .  The p e r c e n t a g e  complet ion by specimen t y p e  i s  summarized 
i n  t h e  fo l lowing  pa rag raphs :  

2) Dimensional S t a b i l i t y  Specimens - 66% complete .  Two s p e c i -  
mens  of TiC+lO%Mo, 6 of TiC+lO%Cb and 10 of bo th  t h e  S t a r  J 
and TiB2 specimens a r e  due e a r l y  i n  August,  D e l i v e r y  of t h e  
S t a r  J samples is  s t i l l  i n  q u e s t i o n .  Three a t t e m p t s  have 
been made t o  f a b r i c a t e  t h e  specimens from t h e  S t a r  J materi- 
a l  and each a t t empt  has  m e t  w i t h  r e j e c t i o n  of t h e  e n t i r e  
l o t  of each  run .  Apparen t ly  t h e  heavy s e c t i o n  s i ze  of t h e  
specimen c o n f i g u r a t i o n  causes  l a r g e  thermal  stresses t o  be 
induced d u r i n g  t h e  f i n i s h  g r i n d i n g  o p e r a t i o n  and r e s u l t s  
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1 )  Corrosion T e s t  Specimens - 93% complete .  The d e l i v e r y  of 2 
make-up specimens of T i c  and t h e  f u l l  set of 1 6  TiB2 s p e c i -  
mens  e a r l y  i n  August w i l l  complete  t h e  procurement o€ t h i s  
c o n f i g u r a t i o n .  
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i n  s u r f a c e  checking o r  c racking .  The vendor has  t r i e d  v a r i -  
a t i o n s  i n  s t r e s s - r e l i e v i n g  and g r i n d i n g  t echn iques  wi th  l i t t l e  
success  t o  d a t e ,  

3) Thermal Expansion Specimens - 54% complete .  One sample of 
K-601 and 3 each of T i c ,  TiC+5%W, TiCtlO%Mo, TiC+lO%Cb, S t a r  
J and T iB2  are r e q u i r e d  t o  complete procurement of t h i s  con- 
f i g u r a t i o n .  The m a j o r i t y  of t h e  m a t e r i a l s  is scheduled  f o r  
d e l i v e r y  e a r l y  i n  August. 

4)  Hot Hardness Specimens - 71% complete .  Del ivery  of 3 s p e c i -  
mens of each of t h e  fo l lowing  m a t e r i a l s  i s  r e q u i r e d :  Lucalox 
TiC+5%W, TiC+lO%Cb and TiB2. The Lucalox specimens have been 
promised f o r  t h e  l a s t  week of J u l y .  The remaining specimens 
should  be d e l i v e r e d  by mid-August. 

5 )  Compression Specimens - 7% complete .  The o n l y  f i n i s h e d  s p e c i -  
mens r ece ived  by t h e  end of t h e  r e p o r t i n g  i n t e r i m  were machi- 
ned from wrought ba r  of Mo-TZM a l l o y .  F a b r i c a t i o n  of t h e  com- 
p r e s s i o n  specimens from the  una l loyed  tungs t en  m a t e r i a l  was 
delayed because of p rocess ing  problems encountered  by t h e  
raw s t o c k  vendor i n  a t tempt ing  t o  produce t h e  1 ,56 - inch  dia-  
meter  s t o c k .  The i n i t i a l  e x t r u s i o n  c racked  d u r i n g  r o l l i n g .  
A second e x t r u s i o n  w a s  processed and t h e  vendor f e e l s  con- 
f i d e n t  t h a t  t h e  r e q u i r e d  b a r  s tock  can be produced by e a r l y  
August.  The machining vendor has  promised d e l i v e r y  two weeks 
a f t e r  r e c e i p t  of t h e  1.56-inch d iameter  b a r .  The m a j o r i t y  of 
t h e  specimens produced by powder p rocesses  are  promised i n  t h e  
l a t t e r  p a r t  of August.  

Each m a t e r i a l  has  been ass igned  a m a t e r i a l  c o n t r o l  number (MCN) 
and each i n d i v i d u a l  tes t  specimen is  i d e n t i f i e d  w i t h i n  t h e  m a t e r i a l  
c o n t r o l  number by a l e t t e r  code t o  i n d i c a t e  t h e  type  of t es t ,  i . e . ,  
A - c o r r o s i o n  specimens,  B - dimensional s t a b i l i t y  specimens,  C - 
thermal  expansion specimens,  e t c . ,  and a ch rono log ica l  se r ia l  number. 
The o r i g i n a l  material  c o n t r o l  number of each m a t e r i a l  w i l l  be as- 
s i g n e d  t o  a l l  f u t u r e  specimens of t h a t  m a t e r i a l .  Table  I11 sum- 
marizes t h e  MCN i d e n t i f i c a t i o n  of t hose  specimens r e c e i v e d  by t h e  
end of t h e  repor t '  i n t e r i m .  
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IV. TEST FACILITIES 

Potassium P u r i f i c a t i o n  

During t h i s  r e p o r t  p e r i o d ,  13 pounds of h igh  p u r i t y  potass ium 
metal were processed  through t h e  p u r i f i c a t i o n  t r a i n  and chemical 
a n a l y s e s  of v a r i o u s  samples of t h i s  material w e r e  performed.  The 
appa ra tus  used is desc r ibed  i n  d e t a i l  i n  Q u a r t e r l y  P r o g r e s s  Report  
N o .  2 (Ref. 2 ) .  The appa ra tus  c o n s i s t s  of a t r a n s f e r  c o n t a i n e r ,  a 
h igh  vacuum s t i l l ,  condenser  and r e c e i v e r ,  a t i t a n i u m - l i n e d ,  z i r con-  
ium-get tered ho t  t r a p  and a high vacuum pumping s t a t i o n  as shown i n  
F igu re  1. Except f o r  t h e  ho t  t r a p  l i n e r  and g e t t e r ,  a l l  p a r t s  which 
c o n t a c t  l i q u i d  potassium are made of 300 series s t a i n l e s s  steels.  
The r e c e i v e r  i s  f i t t e d  w i t h  a g l a s s  viewport f l a n g e d  on w i t h  a copper ,  
shear - type  seal .  The g l a s s  and copper  do n o t  c o n t a c t  t h e  l i q u i d  m e t -  
a l  a t  any t i m e .  

P r e s s u r e  i n  t h e  s t i l l  and manifold was monitored w i t h  i o n i z a t i o n  
gauges and t h e  p r e s s u r e  i n  t h e  h o t  t r a p  w a s  monitored w i t h  a Bourdon 
t y p e  vacuum-pressure gauge. Pure argon w a s  used i n  t h e  s y s t e m  u n t i l  
a l l  l e a k  checking had been completed,  a f t e r  which p u r i f i e d  hel ium 
w a s  used .  The helium was p u r i f i e d  by pass ing  i t  through a p r e v i o u s l y  
r e g e n e r a t e d  13X molecular  s i e v e  a t  room t empera tu re ,  and then  through 
t i t a n i u m  t u r n i n g s  a t  145O0F. Helium p u r i f i e d  i n  t h i s  f a s h i o n  cons i s -  
t e n t l y  shows less than  1 ppm each of oxygen and water. 

The l i q u i d  metal  l e v e l s  i n  t h e  p u r i f i c a t i o n  s y s t e m  w e r e  deter- 
mined i n  t h e  fo l lowing  manner: 

1) Trans fe r  Conta iner  - By an O-ring sealed thermocouple w e l l  
which can be moved up and down t o  make or break e l e c t r i c a l  
c o n t a c t  w i t h  t h e  l i q u i d  metal s u r f a c e .  

2) S t i l l  - C a l c u l a t e d  from q u a n t i t i e s  of po tass ium t h a t  were 
t r a n s f e r r e d  from t h e  t r a n s f e r  c o n t a i n e r  and c o l l e c t e d  i n  
t h e  r e c e i v e r ;  and by temperature  p r o f i l e s  o b t a i n e d  from 
t h e  thermocouple w e l l  i n  t h e  s t i l l  p o t .  

3) Receiver  - By v i s u a l l y  observ ing  t h e  l i q u i d  l e v e l  through 
t h e  s i g h t  p o r t  be fo re  and a f t e r  t r a n s f e r  t o  t h e  hot  t r a p .  

The procedures  used f o r  t h e  p r e p a r a t i o n  and checkout  of t h e  p u r i -  
f i c a t i o n  s y s t e m  and i n  p u r i f y i n g  t h e  potassium w e r e  as f o l l o w s :  

1) F a b r i c a t e ,  ou tgas  and helium l e a k  check a l l  components. 
N o  l e a k s  i n  excess  of 5 x lo-'' s t d .  c c .  of a i r  p e r  second 
w e r e  pe rmi t t ed .  
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2)  Assemble components and aga in  ou tgas  and l e a k  check.  The s y s -  
t e m  w a s  l e a k  checked a t  room tempera ture  and a t  tempera tures  
i n  excess  of 300°F. 

3 )  The potass ium w a s  t r a n s f e r r e d  from t h e  sh ipp ing  c o n t a i n e r  (Drum 
D-80) t o  t h e  t r a n s f e r  c o n t a i n e r  and then  outgassed  f o r  approxi -  
mate ly  2 hours  a t  temperatures  up t o  450°F. Most of t h e  gas  
e v o l u t i o n  took p l a c e  between 315O and 385OF. 

4)  The s t i l l ,  condenser ,  r e c e i v e r ,  ho t  t r a p  and t r a n s f e r  l i n e s  
were evacuated ,  brought t o  tempera ture  and potassium t r a n s -  
f e r r e d  t o  t h e  evacuated  s t i l l  by v i r t u e  of t h e  cover  gas  p r e s -  
s u r e  (about 18 p s i a )  i n  t h e  t r a n s f e r  c o n t a i n e r .  T r a n s f e r s  t o  
t h e  po t  w e r e  made i n  ba tches  of 500 t o  800 grams d u r i n g  d i s -  
t i l l a t i o n .  The p r e s s u r e  o b t a i n e d  i n  t h e  s t i l l  j u s t  p r i o r  t o  
a d m i t t i n g  t h e  potass ium was 2 . 7  x t o r r ,  t h e  p r e s s u r e  r ise 
r a t e  was 0 . 6  x t o r r / h o u r  and t h e  ou tgass ing  ra te  was 9 x 

t o r r - l i t e r s / h o u r .  

5 )  The s t i l l  tempera ture  was i n c r e a s e d  t o  520° - 535OF and t h e  
potassium d i s t i l l e d  a t  a ra te  of about two pounds p e r  hour .  
The r e c e i v e r  p r e s s u r e  va r i ed  between 1 . 3  and 5 . 2  x t o r r  
du r ing  d i s t i l l a t i o n .  The potass ium w a s  hea t ed  from t h e  s i d e s  
of t h e  s t i l l .  A t empera ture  g r a d i e n t  w a s  main ta ined  from t h e  
t o p  t o  t h e  bottom w i t h  the  potassium tempera ture  a t  t h e  s u r -  
f a c e  about  10°F h ighe r  than a t  t h e  bottom t o  a s s u r e  s u r f a c e  
evapora t ion .  

6 )  The r e c e i v e r  w a s  f i l l e d  t o  t h e  bottom of t h e  condenser  o u t l e t  
t ube  and then  d ra ined  t o  t h e  weld between t h e  p i p e  and p i p e  
cap so t h a t  t h e  same q u a n t i t y  of potassium was d ra ined  i n t o  
t h e  ho t  t r a p  each t i m e .  A t y p i c a l  t empera ture  p r o f i l e  
through t h e  s y s t e m  during d i s t i l l a t i o n  w a s :  

Temperature,  
Locat ion  OF 

Trans fe r  Con ta ine r ,  I n s i d e  
Trans fe r  Con ta ine r ,  Valve 
Trans fe r  Con ta ine r ,  F i l t e r  

S t i l l ,  Valve 
S t i l l ,  Bottom 

Potass ium,  Bottom 
Potassium, Top 

Condenser , Top 
Condenser,  Middle 
Condenser, Bottom 
Condenser , O u t l e t  
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255 
263 
25 2 

229 
5 24 

5 28 
537 

360 
31 7 
398 
198 



Locat i o n  

Receiver  , Top 
Rece ive r ,  Bottom 
Rece ive r ,  I n s i d e  
Receiver  , Valve 

Hot Trap , V a l  ve 
Hot Trap, I n s i d e  

Temperature,  
OF 

84 
133 
135 
115 

165 
25 4 

7) In  o r d e r  t o  m e l t  t h e  po ta s s ium f o r  t r a n s f e r  t o  t h e  ho t  t r a p ,  
t he  r e c e i v e r  was hea ted  t o  160°F. 
i n  t h e  r e c e i v e r  a t  room t empera tu re  f o r  two months,  (w i th  t h e  
manifold v a l v e  t o  t h e  receiver c l o s e d ) ,  has  shown a b s o l u t e l y  
no change i n  appearance;  t h e  s u r f a c e  has  remained s i l v e r y  and 
mirror-1 i k e .  

The r e s i d u a l  p o t a s s i u m , l e f t  

8) A f t e r  d i s t i l l a t i o n ,  t h e  ho t  t r a p  w a s  p r e s s u r i z e d  t o  about 3 
p s i g  w i t h  helium and t h e  potassium w a s  h o t  t r a p p e d  f o r  36 hour s  
between 1350° and 1400OF. 

Potassium samples were o b t a i n e d  b e f o r e ,  d u r i n g  and a f t e r  p u r i f i c a -  
t i o n .  A l l  s a m p l e s  were analyzed f c r  oxygen by t h e  mercu ry  amalgamation 
method and a p p r o p r i a t e  samples a l s o  were s p e c t r o g r a p h i c a l l y  ana lyzed  
f o r  me ta l l i c  i m p u r i t i e s .  The a n a l y t i c a l  r e s u l t s ,  p r e s e n t e d  i n  Table  
I V ,  i n d i c a t e  tha t ,  w i t h  t h e  e x c e p t i o n  of ca l c ium,  t h e  meta l l ic  i m -  
p u r i t y  c o n t e n t s  changed very l i t t l e  d u r i n g  p u r i f i c a t i o n ,  w i t h  t h e  m a -  
j o r i t y  of t h e  elements  be ing  below t h e  d e t e c t a b l e  l i m i t s .  The d a t a  
f o r  oxygen i n d i c a t e  a s i g n i f i c a n t  r e d u c t i o n  i n  t h e  oxygen c o n t e n t .  
I t  shou ld  b e  noted t h a t  no a n a l y t i c a l  b l ank ,  ( b e l i e v e d  t o  be approxi-  
m a t e l y  8 micrograms),  has  been s u b s t r a c t e d  from t h e  d a t a .  I f  t h e  
blank is a c t u a l l y  t h a t  h i g h ,  t h e  a c t u a l  oxygen c o n t e n t  a f t e r  p u r i f i -  
c a t i o n  i s  about 3 ppm. 

Cor ros ion  

Three checkout tes ts  were completed w i t h  t h e  i s o t h e r m a l  c o r r o s i o n  
tes t  f a c i l i t y  d e s c r i b e d  i n  Q u a r t e r l y  P r o g r e s s  Repor t s  N o .  3 (Ref .  3 )  
and 4 (Ref.  4 ) .  In  t h e  f i r s t  t e s t  t h e  s u s c e p t o r  was h e a t e d  t o  1600°F, 
w h i l e  ma in ta in ing  a p r e s s u r e  less  t h a n  1 x t o r r .  A f t e r  43 h o u r s ,  
t h e  p r e s s u r e  was 9 x t o r r  as measured by a t u b u l a r  Bayard-Alpert  
i o n i z a t i o n  gauge l o c a t e d  on t h e  s i d e  of t h e  t es t  chamber. The power 
r e q u i r e d  t o  hold t h i s  t empera tu re  w a s  app rox ima te ly  440 w a t t s ,  as- 
suming a power f a c t o r  of 0 . 9 .  The t empera tu re  v a l u e s  o b t a i n e d  w i t h  
P t  v s  Pt+lO%Rh thermocouples a t  t h i s  power l e v e l  are shown i n  Table  V .  
The v a r i a t i o n  of t empera tu re  w i t h  t i m e  was e v a l u a t e d  and t h e  mean 
d e v i a t i o n  was found t o  be + Ou06% a t  1586OF ove r  a 20-hour i n t e r v a l .  - 
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TABLE V: CORROSION TEST FACILITY TEMPERATURE DATA FOR CHECKOUT TEST 80.. 1 

--_-- 
(Power L e v e l ,  440 Watts)  

Thermocouple Locat ion  

Top of Capsule # 1  
Top of Capsule #2 
Top of Capsule #3 
Top of Capsule #4 
Top of Capsule #5 
Top of Capsule #6 

Bottom of Capsule  #1 
Bottom of Capsule  #2 
Bottom of Capsule  #3 
Bottom of Capsule  #4 
Bottom of Capsule  #5 
Bottom of Capsule  #6 

(1  1 

(1  1 

Temp., OF 

1570 
1616 
1584 
1585 
1592 
1619 

1604 
1601 
1604 
1588 
1593 
1593 

645 T .C .  #1 - Heater Support  Table  
1578 
1634 

T .C .  #2 - TOP of Susceptor (1)  
T.C. #3 - Center  o f  Susceptor  
T.C. #4 - Between 5 t h  and 6 t h  Radia l  Heat S h i e l d  1076 
T .C .  #6 - Bottom o f  Susceptor  1594 

(1 1 

(1 1 

Main Support Table 410 

(1) 'Locat ion of These Thermocouples i s  Shown i n  
F igu re  4 .  
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1- 
I 
I 
I 
8 
I 
8 
I 
1 
1 
I 
I 
I 
1 
I 
8 
I 
I 
8 

A f t e r  t h e  m o d i f i c a t i o n s  were completed,  checkout t es t  No 2 w a s  
i n i t i a t e d .  The s u s c e p t o r  temperature  w a s  brought up t o  1600°F, 
and h e l d  f o r  47 h o u r s ,  w i t h  t h e  p r e s s u r e  a g a i n  ma in ta ined  below 
1 k 
t o r r  as measured by t h e  Bayard-Alpert i o n i z a t i o n  gauge, and t h e  
power l e v e l  throughout  t h i s  t e s t  w a s  approximately 435 w a t t s .  Tile 
t empera tu re  v a l u e s  o b t a i n e d  a r e  shown i n  Table V I .  Although t h e  
main suppor t  t a b l e  temperature  was reduced 160°F, t h e  t empera tu re  
r e a d i n g s  o b t a i n e d  on t h e  c a p s u l e s  s t i l l  v a r i e d  wide ly .  The c o n t a c t  
between t h e  thermocouple j u n c t i o n s  and t h e  c a p s u l e s  w a s  checked a t  
t h e  tes t  t empera tu re  as a p o s s i b l e  s o u r c e  of e r r o r .  Although t h e  

torr. The p r e s s u r e  a t  t h e  end of t h i s  t i m e  w a s  9 . 3  x lo-' 

-19- 

The i n s t r u m e n t a t i o n  t echn iques  used  f o r  t h e  thermocouples are  
shown i n  F i g u r e s  2 and 3 A l l  j u n c t i o n s  between t h e  thermocouple 
l e a d s ,  i . e . ,  t e r m i n a l  b locks  and f e e d t h r o u g h s ,  w e r e  t e s t e d  a t  2000F 
t o  e v a l u a t e  any e r r o r s  which could be i n t r o d u c e d  by t h e s e  d i s s i m i l a r  
metal j u n c t i o n s .  The mean e r r o r  f o r  t h e  e n t i r e  f a c i l i t y  w a s  + 0 . 0 4 %  
w i t h  t h e  maximum e r r o r  be ing  + 0.38% a t  a s i m u l a t e d  tes t  t e m p e r a t u r e  
of 1600OF. Because of t h e  high AC c u r r e n t  h e a t e r s  u sed  t o  h e a t  t h e  
s u s c e p t o r s ,  t h e  DC thermocouple o u t p u t  w a s  checked a t  t h e  t e s t  tempera- 
t u r e s  f o r  induced AC c u r r e n t .  The o u t p u t  showed AC i n  t h e  m i c r o v o l t  
range which would cause  no d i s c e r n i b l e  e r r o r .  Temperature d i s t r i b u -  
t i o n s  were o b t a i n e d  o n l y  a f t e r  t h e  s u s c e p t o r  had been s t a b i l i - z e d  f o r  
a minimum t i m e  of 1 2  hour s  a t  any one power l e v e l .  

- 

A f t e r  43 hours  a t  1600°F, t h e  t empera tu re  w a s  lowered t o  1200°F 
and h e l d  f o r  1 7  h o u r s .  The p r e s s u r e  a t  t h e  end of t h i s  t i m e  was . 
6.2 x t o r r  and t h e  power l e v e l  was approximately 212 w a t t s ,  N o  
t empera tu re  d i s t r i b u t i o n  was ob ta ined  a t  t h i s  power l e v e l  because of 
t h e  wide v a r i a t i o n  i n  temperature  v a l u e s  o b t a i n e d  a t  1600°F. Check- 
o u t  t es t  Nolwas t e rmina ted  subsequen t ly  f o r  f a c i l i t y  m o d i f i c a t i o n ,  de- 
s i g n e d  t o  improve t h e  temperature  d i s t r i b u t i o n  i n  t h e  s u s c e p t o r  and 
r educe  t h e  main s u p p o r t  t a b l e  t empera tu re .  The f o l l o w i n g  m o d i f i c a t i o n s  
were made. 

1) The thermocouples l o c a t e d  on t h e  t o p s  of t h e  c a p s u l e s  were 
s h i e l d e d  from d i r e c t  exposure t o  t h e  h e a t i n g  element above 
t h e  s u s c e p t o r  t o  reduce t h e  p o s s i b i l i t y  of e x c e s s i v e  h e a t -  
i n g  of t h e  thermocouple j u n c t i o n s .  

2) The molybdenum suppor t  p i n s ,  which h e l d  t h e  s u s c e p t o r  away 
from t h e  main s u p p o r t  t a b l e ,  w e r e  removed and t h e  number of 
lower a x i a l  h e a t  s h i e l d s  w a s  i n c r e a s e d  from 5 t o  10. T h i s  
m o d i f i c a t i o n  should reduce t h e  h e a t  l o s s  i n t o  t h e  main sup- 
p o r t  t a b l e  and the reby  raise t h e  t empera tu re  of t h e  bottom 
s e c t i o n .  of t h e  s u s c e p t o r .  

Capsule #6 was removed from t h e  f a c i l i t y  because of po ta s s ium 
l e a k a g e  from a d e f e c t i v e  weld i n  t h e  t o p  end cap as  t h e  r e s u l t  of 
i n s u f f i c i e n t  p e n e t r a t i o n .  The po ta s s ium w a s  c l eaned  from t h e  vacuum 
chamber. N o  d e p o s i t s  were found i n  o r  on the s u s c e p t o r .  
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TABLE V I :  CORROSION TEST FACILITY TEMPERATURE DATA FOR CHECKOUT TEST N o .  2 

(Power Leve l ,  435 Watts)  

Thermocouple Loca t ion  

Top of Capsule #1 
Top of Capsule #2 
Top of Capsule #3 
Top of Capsule #4 
Top of Capsule #5 
Top of Capsule #6 

Bottom of Capsule #1 
Bottom of Capsule #2 
Bottom of Capsule  #3 
Bottom of Capsule  #4 
Bottom of Capsule  #5 
Bottom of Capsule #6 

( 1  1 

(1)  

Temp., OF 

1630 
1608 

1620 

(2)  

( 2 )  
(3  1 

T.C. #5 - Oute r  Heat S h i e l d ( 1 )  468 

Main Support Table  248 

(1)  Loca t ion  of These Thermocouples i s  Shown i n  
F i g u r e  4 ,  

(2)  No Reading. 

(3) Dummy Capsule Removed A f t e r  Checkout T e s t  
N o .  1 Because of D e f e c t i v e  Weld, 

-22- 
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e l e c t r i c a l  c o n t i n u i t y  tests were p o s i t i v e ,  i n s u f f i c i e n t  c o n t a c t  f o r  
p rope r  h e a t i n g  of t h e  j u n c t i o n s  w a s  suspec ted .  The re fo re ,  checkout  
t e s t F b 2  was t e rmina ted  S O  t h a t  t h e  thermocouple j u n c t i o n s  cou ld  be 
wired  o n t o  t h e  c a p s u l e  w i t h  Cb-1Zr a l l o y  w i r e ,  as shown i n  F igu re  4 .  

Checkout t e s t P b 3  was a l s o  conducted a t  a s u s c e p t o r  tempera ture  
of 1600°F and, i n  t h i s  c a s e ,  was h e l d  a t  t h e  tes t  tempera ture  f o r  23 
hour s .  The p r e s s u r e  a t  t h e  end of t h i s  t i m e  was 2.55 x 10-3 t o r r  as 
measured by t h e  Bayard-Alpert  i o n i z a t i o n  gauge and t h e  power r e q u i r e -  
ment was approximately 440 w a t t s .  The tempera ture  va lues  f o r  check- 
out  t e s t  No3are recorded  i n  Table V I I .  A t  a mean c a p s u l e  tempera ture  
of 1628OF, t h e  mean d e v i a t i o n  was found t o  be + 12OF o r  + 0.74%. 
s e q u e n t l y ,  t h e  tempera ture  was lowered t o  12OO5F and h e l d  f o r  24 hours .  
The p r e s s u r e  a t  t h e  end of t h i s  p e r i o d  w a s  3 .0  x t o r r  and t h e  
power l e v e l  throughout  t h e  test  w a s  approximately 201 w a t t s .  The 
tempera ture  r ead ings  are shown i n  Table  V I I .  A t  a mean c a p s u l e  tempera- 
t u r e  of 1200°F, t h e  mean d e v i a t i o n  was found t o  be + 16.8OF or + 1.40%. 
The tempera ture  was lowered aga in  and h e l d  a t  8 0 0 ° F f o r  24 h o u r s  wi th  
t h e  p r e s s u r e  a t  t h e  end of t h e  24-hour p e r i o d  a t  1 .8  x t o r r .  The 
power l e v e l  a t  t h i s  tempera ture  was approximately 4 8 . 7  wa t t s .  The 
tempera ture  d i s t r i b u t i o n  is  shown i n  Table  V I I .  A t  a mean c a p s u l e  
tempera ture  of 80g0F, t h e  mean d e v i a t i o n  w a s  found t o  be + 17.2OF o r  
- + 2.13%. 

Sub- 

- 

A f t e r  ve rba l  approval  of t he  tempera ture  d i s t r i b u t i o n s  from t h e  
NASA Technical  Mqnager, checkout test  was t e rmina ted .  Two addi-  
t i o n a l  i so the rma l  f u r n a c e  assembl ies  were t o  be i n s t a l l e d  and t h e  
chamber r e a d i e d  f o r  t h e  a c t u a l  t e s t i n g  of t h e  c a n d i d a t e  b e a r i n g  m a -  
t e r i a l s .  

Dimensional S t a b i l i t y  

The component p a r t s  f o r  t h e  two i so thermal  dimensional  s t a b i l i t y  
t e s t  f a c i l i t i e s ,  a l l  of which were completed du r ing  t h e  p rev ious  re- 
p o r t  p e r i o d ,  were thoroughly  c l eaned ,  assembled and i n s t a l l e d  i n  t h e  
Varian h igh  vacuum chamber (Figure 1 0 ,  Ref.  3 ) .  The c l e a n i n g  pro-  
cedures  employed for t h e  va r ious  m a t e r i a l s  i n  t h e  f a c i l i t y  are sum- 
marized i n  Table  V I I I .  

P r i o r  t o  t h e  f i n a l  assembly and i n s t a l l a t i o n ,  one of t h e  f a c i -  
l i t i e s  w a s  loaded  wi th  30 una l loyed  molybdenum dimensional  s t a b i l i t y  
tes t  specimens as shown i n  F igure  5 .  

The loaded  tes t  f a c i l i t y  was ins t rumented  w i t h  1 6  P t  vs  Pt+lO%Rh 
thermocouples.  One thermocouple was a t t a c h e d  t o  t h e  s u r f a c e  of each 
of t h e  t o p  5 specimen boxes;  one was a t t a c h e d  t o  t h e  bottom s u r f a c e  
of each of t h e  bottom 5 specimen boxes; one was a t t a c h e d  t o  t h e  o u t e r  
s u r f a c e  of each of t h e  6 specimen boxes i n  one s t a c k .  The thermo- 
coup les  e n t e r e d  t h e  f a c i l i t y  through a p p r o p r i a t e  openings a s  shown i n  

-23- 



TABLE VII: CORROSION TEST FACILITY TEMPERATURE DATA FOR CHECKOUT TEST No. 3 

Thermocouple Location 

(1 1 Top of Capsule #1 
Top of Capsule #2 
Top of Capsule #3 
Top of Capsule #4 
Top of Capsule #5 
Top of Capsule #6 

Bottom of Capsule #1 
Bottom of Capsule #2 
Bottom of Capsule #3 
Bottom of Capsule #4 
Bottom of Capsule #5 
Bottom of Capsule #6 

(1 1 

T.C. #1 Heater Support Table (1 1 
T.C. #5 Outer Heat Shield (1 1 

Main Support Table 

Temp., OF 
Power Level 

440 Watts 201 Watts 48.7 Watts 

1640 1215 824 
1620(3) 1208 (3) 824 
1642 1219 827 
1639 1219 828 
1641 1219 8 27 

(2) (2) (2) 

1619 1189 798 
1612 1179 788 
1601 (3) 1169(3) 784 
1604 (3) 1175 (3) 790 
1614 

(2) 

740 
507 

1186 
(2) 

536 
35 1 

798 
(2) 

364 
235 

25 6 177 123 

(1) Location of These Thermocouples is Shown in Figure 4. 

(2) Dummy Capsule Removed After Checkout Test No. 1 Because of Defective Weld. 

(3) Value Not Used in Computation of Mean Capsule Temperature or Mean 
Deviation. 
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TABLE V I I I :  CLEANING PROCEDURES USED FOR COMPONENT PARTS 
OF DIMENSIONAL STABILITY TEST FACILITY 

Component 

S t a i n l e s s  S t e e l  

Molybdenum 

Tan t a1 um 

Copper 

Cb-1Zr Al loy  

Cleaning Method 

P i c k l e d  i n  a S o l u t i o n  of 1 
P a r t  37% HC1 + 1 P a r t  70% 
H N 0 3 ,  Rinsed i n  Water,  Fol-  
lowed by F i n a l  Rinse  i n  E thy l  
Alcohol 

Vapor B las t ed ,  Rinsed i n  Water 
Followed by F i n a l  Rinse i n  
E thy l  Alcohol 

Cleaned wi th  Acetone and Rinsed 
i n  E thy l  Alcohol  

P ick led  i n  D i l u t e  ( m  30%) "03, 
Rinsed i n  Water Followed by 
F i n a l  Rinse i n  Ethyl  Alcohol 

P ick led  i n  S o l u t i o n  of 1 P a r t  
70% HN03 + 1 Part 48% HF + 5 
P a r t s  H 2 0 .  Rinsed i n  Water 
Followed by F i n a l  Rinse i n  
Ethyl  Alcohol 
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Heater Support 

Cb-1Zr Wire 

Molybdenum 
Heater Support 

Pt vs Pt + 1 
Thermocouple 

Tan t a1 um 

Heat Shield 

Test Specimen 

Alumina Insulated Pt vs Pt+lO%Rh Thermocouple 

Figure 4. Isothermal Corrosion Capsule Furnace Facility Showing 
Instrumentation and Other Final Design Modifications. 
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Ta 

I 
I 
I 

S p l i t  Tantalum 

Type 304SS 
Heater Support 

Furnace Support 

antalum Shie ld  

lumina Insu la t ed  
P t  vs Pt+lO% Rh 
Thermocouples 

Cb-1Zr 
Specimen 
Box w i t h  
Specimen 

Cb-1 Z r  
Wire Rack 

f o r  holding 
Specimen 

Boxes 

.ntalum Radia t ion  
Heat Sh ie lds  

Ih 
Alumina Insu la ted  

P t  vs Pt+lO%Rh hennocouples  

I 

Figure  5. Isothermal Furnace F a c i l i t y  f o r  Conducting Dimensional 
S t a b i l i t y  Tes t s  Showing Location of Thermocouples i n  
Checkout Test  No. 1 . 
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. .  

F i g u r e  5 .  F i g u r e  G i s  a photograph of t h e  tes t  f a c i l i t y  i n s t a l l a t i o n  
w i t h  t h e  thermocouples a t t a c h e d .  The same t y p e  of thermocouple f eed -  
th roughs ,  t e r m i n a l  b l o c k s ,  r e c o r d e r s  and s w i t c h  boxes are  be ing  used 
f o r  t h e  dimensional s t a b i l i t y  tests as are b e i n g  used f o r  t h e  c o r -  
ros i o n  t e s t s  . 

A f t e r  t h e  i n s t a l l a t i o n  of t h e  f a c i l i t i e s  was completed,  t h e  vac- 
uum chamber was c l o s e d  and evacua ted  t o  1 x t o r r  as i n d i c a t e d  by 
a Bayard-Alpert i o n i z a t i o n  gauge. Subsequent ly ,  t h e  s u s c e p t o r  w a s  
s lowly  hea ted  t o  approximately 1500°F d u r i n g  which t i m e  t h e  vacuum 
reached a maximum of 4 x t o r r .  A f t e r  t h e  s u s c e p t o r  had r eached  
t h e  checkout t empera tu re ,  t h e  p r e s s u r e  dec reased  t o  1 x t o r r .  
The f a c i l i t y  remained a t  t h e  1500°F checkout t empera tu re  f o r  a p e r i o d  
of 1 6  hours .  Temperature measurements t aken  d u r i n g  t h i s  t i m e  were 
i n c o n s i s t e n t .  The t empera tu re  p r o f i l e  o b t a i n e d  a f t e r  t h e  s u s c e p t o r  
had been a t  t empera tu re  f o r  1 6  hours  is  shown i n  Table  I X .  

Although t h e  t empera tu re  v a r i a t i o n  w i t h i n  each  group of thermo- 
c o u p l e s ,  i . e . ,  t o p ,  bottom and s i d e ,  i s  r easonab ly  good, t h e r e  was 
a s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  average t empera tu re  from group t o  
group. A s  a r e s u l t  of t h e s e  d a t a ,  checkout tes t  N o  1 was t e r m i n a t e d .  
An a n a l y s i s  of t h e  i n s t r u m e n t a t i o n  showed t h a t  t h e  thermocouples ,  
which were i n d i c a t i n g  t h e  h i g h e r  t empera tu re ,  were i n s t a l l e d  through 
t h e  t o p  of t h e  s u s c e p t o r .  They were exposed t o  t h e  h e a t i n g  e l emen t s  
and w e r e  p robab ly  h e a t e d  t o  a h i g h e r  t empera tu re  t h a n  t h e  s u s c e p t o r .  
Another p o s s i b l e  c a u s e  f o r  e r r o r  is i n s u f f i c i e n t  l e n g t h  of t h e  thermo- 
coup le  l e a d  w i r e  a t  t h e  tes t  t empera tu re .  In  t h e  l a t t e r  s i t u a t i o n  
t h e  thermocouple cou ld  r e s u l t  i n  a low t empera tu re  r e a d i n g .  This  con- 
d i t i o n  could e x i s t  f o r  t h e  thermocouples i n s t a l l e d  through t h e  s i d e  
and bottom of t h e  s u s c e p t o r  where o n l y  1/2- inch l e n g t h  of thermocouple 
i s  a t  t h e  tes t  t empera tu re .  

The t e s t  f a c i l i t y  w a s  r e i n s t r u m e n t e d  i n  an e f f o r t  t o  c o r r e c t  t h e  
p o s s i b l e  sources '  of i n s t r u m e n t a t i o n  e r r o r ,  b e l i e v e d  t o  be r e s p o n s i b l e  
f o r  t h e  i n c o n s i s t e n t  t empera tu re  r e a d i n g s .  A l l  of t h e  thermocouples 
and t h e  tantalum s h i e l d i n g  around t h e  s u s c e p t o r  w e r e  removed and 1 4  
P t  vs Pt+lO%Rh thermocouples were r e i n s t a l l e d  through t h e  h o l e s  i n  
t h e  s i d e  of t h e  molybdenum s u s c e p t o r ,  as  shown i n  F i g u r e  7 .  The bead 
of t h e  thermocouple i s ' h e l d  f i r m l y  i n  p l a c e  a g a i n s t  t h e  s u r f a c e  of 
t h e  specimen box by means of t an ta lum w i r e .  The o n l y  change i n  i n -  
s t r u m e n t a t i o n  t e c h n i q u e s  w a s :  (1) a l l  of t h e  thermocouple l e a d s  were 
a t t a c h e d  t o  t h e  s i d e s  of t h e  s u s c e p t o r  r a t h e r  t h a n  t o  t h e  o u t e r  h e a t  
s h i e l d ,  t hus  p e r m i t t i n g  a g r e a t e r  l e n g t h  of l e a d  w i r e  t o  be  a t  t h e  
t e s t  temperature  and (2) t h e  thermocouple l e a d s  were a f f i x e d  t o  t h e  
s i d e s  of a l l  of t h e  Cb-1Zr a l l o y  specimen boxes t o  e l i m i n a t e  any pos- 
s i b l e  d i r e c t  r a d i a t i o n .  One thermocouple w a s  a t t a c h e d  t o  t h e  o u t e r  
s u r f a c e  of each  of t h e  top  5 specimen boxes;  one w a s  a t t a c h e d  t o  t h e  
o u t e r  s u r f a c e  of each of t h e  bottom 5 specimen boxes; and one w a s  a t -  
tached t o  each of t h e  4 remaining specimen boxes i n  one column of 
specimens. Fo r  checkout  test purpose o n l y ,  one thermocouple w a s  i n -  
s e r t e d  through t h e  t o p  of t h e  s u s c e p t o r  and a t t a c h e d  t o  t h e  t o p  sur- 
f a c e  of t h e  t o p  specimen box i n  one column. 
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1 
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TABLE I X :  DIMENSIONAL STABILITY FACILITY CHECKOUT TEST NO- 1 

I Specimen 

1 (Top) 

I 
2 

1 3  
4 

t 5 

I 6  
I 
B 
I 
I 
I 
1 
1 
1 
I 

(Bot tom) 

Temperature, OF 
-&iGmk NO. - Average 

1 2 3 - 4 - 5 Temperature, O F  - - ,  - 
(1  1 1511 1501 (') 1504 

(3 1 1428 (3) 1380 (3 )  1425 

(1) Thermocouples I n s t a l l e d  Through t h e  

(2) Thermocouples I n s t a l l e d  Through t h e  

(3) Thermocouples I n s t a l l e d  Through t h e  

Top of t h e  Susceptor.  

S ide  of t h e  Susceptor.  

Bottom of t h e  Susceptor.  
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Figure 6. Dimensional Stability Test Facility P r i o r  to First 
Checkout Test. ( C 6 1 0 5 0 G 1 6 )  
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Figure 7 .  Dimensional S t a b i l i t y  T e s t  F a c i l i t y  P r i o r  
t o  Second Check-Out T e s t  (C64061613) 
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A f t e r  r e i n s t r u m e n t a t i o n ,  t h e  vacuum chamber was c l o s e d  and evacu- 
a t e d  t o  4 . 8  x 10-9 t o r r ,  as i n d i c a t e d  by a Bayard-Alpert i o n i z a t i o n  
gauge, a f t e r  a 12-hour bakeout a t  325OF. Subsequen t ly ,  t h e  s u s c e p t o r  
w a s  s lowly h e a t e d  t o  1600°F d u r i n g  which t i m e  t h e  p r e s s u r e  reached a 
maximum of 6 x t o r r .  Two hours  a f t e r  t h e  s u s c e p t o r  had reached 
1600°F, t h e  p r e s s u r e  had dec reased  t o  t h e  lom7 t o r r  r a n g e  and a f t e r  
24 hour s  t h e  p r e s s u r e  had dec reased  t o  t h e  t o r r  r ange .  The f a c i -  
l i t y  remained a t  t h i s  t empera tu re  f o r  a p e r i o d  of 400 hours  a f t e r  which 
t i m e  t h e  p r e s s u r e  had dec reased  t o  3 x loq8  t o r r .  The t empera tu re  w a s  
lowered t o  750°F where i t  remained f o r  24 hours  and t h e n  w a s  r a i s e d  t o  
1200°F and h e l d  f o r  30 hours .  The checkout tes t  was t h e n  t e rmina ted .  
The temperature  p r o f i l e s ,  o b t a i n e d  a t  t h e  t h r e e  t e s t  t e m p e r a t u r e s ,  a re  
shown i n  Tables X ,  X I  and X I I .  A p l o t  of t h e  change i n  p r e s s u r e  d u r i n g  
t h e  checkout t es t  i s  shown i n  F i g u r e  8. Note t h a t  t h e  second s u s c e p t o r  
w a s  heated t o  1600°F f o r  300 hours  f o r  t h e  pu rpose  of o u t g a s s i n g  and 
t h a t  t h e  maximum p r e s s u r e  d u r i n g  t h e  hea tup  w a s  2 .4  x t o r r .  

Cb-1Zr a l l o y  s h e e t  specimens,  0.060-inch t h i c k ,  were p l a c e d  on t h e  
t o p  of t h e  t o p  specimen boxes of each  column of specimens b e f o r e  t h e  
s u s c e p t o r  cove r  was i n s t a l l e d  and were exposed t o  b o t h  checkout  tests.  
The samples were ana lyzed  f o r  oxygen, n i t r o g e n ,  hydrogen and ca rbon  t o  
determine t h e  amount of environmental  con tamina t ion .  The d a t a  are  
shown i n  Table X I I I .  The i n c r e a s e  i n  oxygen c o n t e n t  i s  a t t r i b u t e d  t o  
t h e  l a r g e  amount of o u t g a s s i n g  expe r i enced  d u r i n g  t h e  i n i t i a l  h e a t i n g  
up of t h e  f a c i l i t y .  Considerably less oxygen pickup i s  expec ted  i n  
subsequent test r u n s .  

Compression 

D e t a i l e d  drawings of t h e  l o a d  t r a i n  components (F igu res  13, Ref.  3 )  
were prepared i n  f i n a l  form and forwarded t o  NASA. The two 5.75-inch 
d i ame te r  x 2.0- inch t h i c k  p i e c e s  of Mo-TZM a l l o y  t o  be u t i l i z e d  i n  t h e  
f a b r i c a t i o n  of t h e  a n v i l  s u p p o r t s  (drawing MDLO-101-4) i n  t h e  l o a d  
t r a i n  were o r d e r e d  from t h e  American Metal Climax Company t o  a modi- 
f i e d  v e r s i o n  of General E l e c t r i c  s p e c i f i c a t i o n  SPPS-15. The mater ia l  
w a s  r ece ived  and machined i n t o  f i n i s h e d  components by t h e  end of t h e  
r e p o r t  i n t e r i m .  The Lucalox i n s u l a t i n g  cup and r i n g  (drawing MDLO-101- 
3 and 3A) a r e  be ing  manufactured by t h e  GE-Lamp Glass Department. 
Although some d i f f i c u l t y  w a s  encountered i n  producing c r a c k - f r e e  in -  
s u l a t i n g  cups,  two c r a c k - f r e e  p a r t s  w e r e  s u c c e s s f u l l y  produced and f o r -  
warded t o  GE-Evendale. The i n s u l a t i n g  r i n g  proved t o  be more d i f f i c u l t  
t o  f a b r i c a t e .  The d i ame te r  of t h e  c o n f i g u r a t i o n ,  5 .75  i n c h e s ,  w a s  be- 
yond t h e  a v a i l a b l e  f a b r i c a t i o n  c a p a b i l i t i e s  a t  GE-Lamp G l a s s  Department 
and m o d i f i c a t i o n s  t o  t h e i r  normal p r o c e s s i n g  p rocedures  were n e c e s s a r y  
t o  produce t h e  p a r t .  De l ive ry  is expec ted  l a t e  i n  September. In  o r d e r  
t o  e x p e d i t e  t h e  room tempera tu re  tes ts ,  a d u p l i c a t e  se t  of r i n g s ,  W i l l  

be machined from s teel .  

The remaining components of t h e  l o a d  t r a i n  w e r e  machined from t h e  
r e q u i r e d  m a t e r i a l s  t h a t  had been on hand. 
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Specimen 

TABLE X: DIMENSIONAL STABILITY FACILITY CHECKOUT TEST No. 2 
TEMPERATURE PROFILE FOR 1600°F 

Temperature, OF 
Column No. Average 

3 - 4 - 5 Temperature, OF - 2 - 1 - 

1 (Top) 1603 1605 1606 1604 1605 1605 

2 1611 

3 1611 

4 1609 

5 1599 

6 (Bottom) 1585 1587 1590 1583 1585 

Mean Temperature 1603'F 

Mean Deviation 

Mid-Range Temperature 

Maximum Deviat i.on from 
Mid-Range Temperature 

+ 10.5OF - 

1586 
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TABLE X I :  DIMENSIONAL STABILITY FACILITY CHECKOUT TEST NO. 2 
TEMPERATURE PROFILE FOR 1200°F 

Specimen 

Temperature, OF 
Column No. 

3 - 2 - 1 - 

1 (TOP) 1206 1208 1208 

2 

3 

4 

5 

6 (Bottom) 1186 1190 1193 

Mean Temperature 

Mean Deviation 

Mid-Range Temperature 

Maximum Deviation from 
Mid-Range Temperature 
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5 - 4 - 

1206 1208 

1211 

1210 

1207 

1198 

1183 1186 

1202OF 

i- 7.5OF 

1 200°F 

+ 12OF 

- 

- 

I Average 
Temperature, OF 

1207 

1188 

I 

I 
I 
I 
1 
1 
1 
1 
I 
I 
I 
I 

a 



TABLE X I I :  DIMENSIONAL STABILITY FACILITY CHECKOUT TEST No. 2 
TEMPERATURE PROFILE FOR 75 O°F 

~ ~ _ ~~~~~ 

Temperature, OF 

Specimen - 1 - 2 - 3 - 4 - 5 Temperature, OF 
Column No. Average 

1 (Top) 762 763 764 763 7 65 763 

2 .763 

3 763 

4 759 

5 752 

6 (Bottom) 746 749 754 744 746 

Mean Temperature 

Mean Deviation 

Mid-Range Temperature 

Maximum Deviation from 
Mid-Range Temperature 
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+ 6.3OF - 
7560F 

+ 8OF - 
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TABLE X I I I :  CHEMICAL ANALYSES OF Cb-1Zr ALLOY ENVIRONMENTAL CONTROL 
SPECIMENS  FOR DIMENSIONAL STABILITY CHECKOUT TESTS 

Element 

Analyses ,  pp m 
A f t e r  Exposure t o  Checkout 
T e s t s  No. 1 (1500OF) and 

Before Exposure N o .  2 (1600OF) 

( 5  ) 

( 5  1 
159 

4 d 4 )  26 

80 (4) 

(4) 

(4) 30 

(1) MCN 418-2, 0.060-Inch Thick Sheet  

(2) By Vacuum Fusion Analys is  

(3) By Conductometric Analys is  

(4) Average of Duplicate  Analyses 

(5) One Analys is  
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100 200 300 400 500 600 
T i m e ,  Hours 

Figure 8.  Pressure Curve for Dimensional S t a b i l i t y  
Check-Out T e s t  N o .  2 
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Hot Hardness 

A t r i a l  run w a s  made on a second sample of Cb-1Zr a l l o y  t o  eva lu-  
a t e  t h e  improvement i n  vacuum environment o b t a i n e d  as a r e s u l t  of t h e  
thorough c l e a n i n g  of a l l  of t h e  tes ter  components, i n s t a l l a t i o n  of 
new O-rings, f r e s h  pump o i l s  and s h o r t e n i n g  of t h e  f l e x i b l e  meta l  be l -  
lows between t h e  tes t  chamber and pumping system. Table  X I V  p r e s e n t s  
t h e  hardness  d a t a  ob ta ined  i n  t h i s  checkout  tes t .  Again,  an  i n c r e a s e  
i n  hardness  of t h e  Cb-1Zr  a l l o y  specimen was observed  upon c o o l i n g  t o  
room tempera ture .  However, t h e  magnitude of t h e  i n c r e a s e  was no t  as 
g r e a t  as t h a t  observed a f t e r  t h e  f i r s t  checkout  t es t  (Ref.  3 1, i . e . ,  
29 Kg/mm2 vs  45 Kg/mm2. Although no hardness  g r a d i e n t  cou ld  be de- 
t e c t e d  on a microhardness  t r a v e r s e  of t h e  s e c t i o n e d  specimen, i . e . ,  
t h e  d a t a  showed a hardness  of 129 knoop 0.002 i n c h  from t h e  s u r f a c e  
and an average of 135 knoop t o  a dep th  of 0.080 i n c h  from t h e  s u r f a c e ,  
gas  ana lyses  of t h e  sample a f t e r  t e s t ,  Table  XV, would i n d i c a t e  t h a t  
a s l i g h t  amount of s u r f a c e  contaminat ion  d i d  occur .  

In  o rde r  t o  de te rmine  t h e  degree  of s u r f a c e  con tamina t ion  t h a t  
might occur  i n  a material less s e n s i t i v e  t o  envi ronmenta l  c o n d i t i o n s  
than  Cb-1Zr a l l o y ,  a Mo-TZM a l l o y  specimen was t e s t e d  i n  t h e  ho t  
hardness  f a c i l i t y  under  t h e  e x i s t i n g  vacuum c a p a b i l i t i e s .  The d a t a  
are shown i n  Table  X V I  and F i g u r e  9 .  The l a c k  of s u r f a c e  ha rden ing ,  
a s  shown by t h e  ha rdness  d a t a  ob ta ined  from t h e  h e a t i n g  and c o o l i n g  
cyc le s ,  t oge the r  w i t h  t h e  f a v o r a b l e  chemical  a n a l y s e s  data  t aken  
from t h e  t e s t  specimen and r e p o r t e d  i n  Table  X V I I  i n d i c a t e  t h a t  t h e  
p r e s e n t  f a c i l i t y  is  s u i t a b l e  t o  be used f o r  t e s t i n g  t h e  e x i s t i n g  
c a n d i d a t e  bea r ing  materials.  However, a n  a d d i t i o n a l  e f f o r t  w i l l  be 
made t o  improve t h e  vacuum s y s t e m  b e f o r e  t h e  tes t  program i s  i n i t i -  
a t e d .  This w i l l  i n c l u d e  t h e  f o l l o w i n g  m o d i f i c a t i o n s  : 

1 )  Enlarge t h e  pumping p o r t  on t h e  chamber by a f a c t o r  of 
approximately 5 

2) I n s t a l l  a Chevron type  l i q u i d  n i t r o g e n  b a f f l e  on t h e  t o p  
of t h e  d i f f u s i o n  pump. 

3)  Outgass t h e  r a t h e r  massive alumina f u r n a c e  c o r e  and a n v i l  
a t  2000°F i n  a vacuum of t o r r  for s e v e r a l  hour s .  

Upon completion of t h i s  work, t h e  empty f u r n a c e  w i l l  be  c y c l e d  
above t h e  r equ i r ed  tes t  t empera tu re  s e v e r a l  times and a f i n a l  
checkout  run w i l l  be made w i t h  Cb-1Zr a l l o y  t e s t  specimen. 
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TABLE XIV:  HOT HARDNESS TEST DATA FOR C b - 1 Z r  ALLOY 

Specimen: Cb-1Zr Alloy N o .  3 
0.5-Inch Cube 
One Surface  Pol i shed  to  Approximately 2-5 RMS 

Hardness Number, 
T ime ,  Min. Vacuum, Torr Temperature, OF Kg/mm2 

97 >;; - R. T. 
- R .  T, 85 

4 1 10-4 110 87 
10  5 10-4 197 70 
22 2 10-4 323 68 
30 3 10-4 433 62 

- 
- 
0 8 x R .  T. 87 (3) 

35 4 10-4 5 25 55 
40 4 10-4 610 57 
47 3 691 56 
55 3 10-4 791 60 
64 2 10-4 855 62 
75 2 10-4 9 25 62 
80 2 10-4 985 61 
97 1 10-4 1102 61 

112 1 10-4 1192 63 
125 1 10-4 1300 62 
135 2 10-4 1417 64 
150 2 10-4 1490 69 
160 2 10-4 1600 61  
165 2 10-4 1632 78 

255 4 10-5 608 80 
170 2 10-4 1647 77 

260 4 10-5 596 90 
- R. T. 127 (4) - 

NOTES: (1) Room temperature hardness of t h e  sample on t h e  Tukon tes ter  us ing  

97 Kg/mm2 I 100-gram load:  

I 
8 
I 
1 
I 

97 Kg/mm” 
98 Kg/mm2 

Average 97 Kg/mmz 

(2)  Room temperature hardness of t h e  sample on t h e  ho t  hardness tester 
us ing  a Vickers Pyramid Diamond, 100-gram load  and a 15-second hold: 

80 Kg/nun5 
87 Kg/mm2 
87 Kg/mm2 

Average 85 Kg/mmZ 

(3) Begin test  cyc le .  

(4) Room temperature hardness of t h e  t e s t e d  sample on t h e  Tukon tes ter  
u s i n g  a 100-gram load:  

121 Kg/mm2 
133 Kg/mm2 
126 Kg/mm” 

Average 127 Kg/mmZ 

-39- 



Y.  ' .  

TABLE XV: GAS ANALYSES OF Cb-1Zr ALLOY HOT HARDNESS SPECIMEN NO. 3 

Sample Identity 

A - 0.125-inch cube sectioned 
to include one surface ex- 
posed to test atmosphere 

Chemical Analyses ('I, ppm 

H - N - 0 - 

(3) 24(3) (3) B - 0.125-inch cube from center 138 
of specimen 

(1) By vacuum fusion analysis 

(2) Average of duplicate analyses 

(3) One analysis 

-40- 



TABLE XVI: HOT HARDNESS DATA FOR Mo-TZM ALLOY 

Specimen: Mo-TZM No. 1 (MCN 436) 
0.5-Inch Cube 
One Surface Polished to Approximately 2-5 RMS 

Time, Min. 

- 
- 
0 
30 
35 
40 
60 
75 
85 
95 
110 

125 
135 
140 
150 
175 

- 

200 
2 20 
235 

290 

360 
385 
410 
445 

- 
- 

- 

NOTES : 

Vacuum, Torr 

- 
- 

8 x 
1.4 10-4 
2.4 10-4 
3.8 
3.5 10-4 
3.0 10-4 
2.8 x 10-4 
2.6 x 10-4 
2.6 10-4 

- 
- 

1.6 x 
3.0 10-4 
3.0 x 10-4 

- 

1 x 10-4 
1 
1 10-4 

5 10-5 
5 10-5 
5 x 10-5 
5 10-5 
5 x 10-5 

- 

- 

Temperature, O F  

R. T. 
R .  T. 
R. T. 
200 
300 
550 
600 
700 
800 
900 
1000 
1100 
1142 
1300 
1400 
1500 
1600 

1040 
855 
745 
573 
509 
435 
363 
3 24 
29 2 
249 

R .  T. 

(1) Room temperature hardness of the sample on a Tukon 
a 300-gram load: 

274 Kg/mm2 
268 Kg/mm2 
284 Kg/mm2 

Average 275 Kg/mm2 

-41 - 

Hardness Number, 
Kg/TNl? 

(1 1 
275 (2) 
273 (3) 280 
245 
238 
208 
200 
216 
200 
204 
195 
194 
187 
191 
185 
191 
- 

182 
200 

216 
219 
226 
230 
226 
230 
235 

- 

274 (4) 

tester using 



TABLE X V I  (cont  ' d )  

(2) Room tempera tu re  ha rdness  of t h e  sample on t h e  h o t  ha rdness  
tester u s i n g  a Vickers  Diamond Pyramid 300-gram l o a d  and a 
15-second ho ld :  

279 Kg/mm2 
268 Kg/mm2 
271 Kg/mm2 

Average 273 Kg/mm2 

(3) Begin t e s t  c y c l e .  

(4)  Room t empera tu re  ha rdness  of t h e  t e s t e d  specimen on t h e  
Tukon tester u s i n g  a 300-gram l o a d :  

262 Kg/mm2 
277 Kg/mm2 
291 Kg/mm2 
268 Kg/mm2 

Average 274 Kg/mm2 
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TABLE X V I I :  GAS ANALYSES OF THE Mo-TZM ALLOY HOT HARDNESS SPECIMEN 

Sample I d e n t i t y  

A - 0.125-inch cube s e c t i o n e d  
to  i n c l u d e  one s u r f a c e  ex- 
posed t o  test  atmosphere 

B - 0.125-inch cube s e c t i o n e d  
from t h e  c e n t e r  of specimen 

C - As-received material 

(1) By vacuum f u s i o n  a n a l y s i s  
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H - N - 0 - 

30 4 4 

17 1 2 
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- Code: O H e a t i n g  
A Cooling 

Specimen: Mo-TZM #1 

- Load: 300 grams 
MCN 436 

Vacuum : S t a r t  of T e s t  8 x t o r r  
1600°F 3 x 10-4 t o r r  
End of T e s t  5 x 10-5 t o r r  

3 800 1200 1600 L 

Temperature, OF 

Figure  9. Hot Hardness of Mo-TZMAlloy 
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I .  

Thermal Expans ion  

The m o d i f i c a t i o n s  r e q u i r e d  t o  i n t r o d u c e  an i n e r t  atmosphere i n t o  
t h e  Chevenard Di la tometer  were completed and a t r i a l  run  w a s  made 
u s i n g  a Cb-1Zr a l l o y  specimen. The m o d i f i c a t i o n  c o n s i s t e d  of t h e  
j o i n i n g  of a s h o r t  l e n g t h  of g l a s s  t ub ing  and a 2-way g l a s s  v a l v e  t o  
an opening d r i l l e d  through one wa l l  of t h e  q u a r t z  t ube  specimen h o l d e r .  
A small vacuum/pressure dynapump w a s  a t t a c h e d  t o  one e x i t  of t h e  g l a s s  
va lve  and an i n e r t  gas  b o t t l e  t o  t h e  o t h e r  e x i t  by means of t e f l o n  
tub ing .  The dynapump is  capable  of reducing  t h e  p r e s s u r e  w i t h i n  t h e  
q u a r t z  tube  specimen ho lde r  t o  one-half  an atmosphere w i t h i n  a few 
seconds .  

A f t e r  complet ing t h e  necessary  a l ignments  of t h e  Cb-1Zr a l l o y  
specimen, t h e  Pyros s t a n d a r d  and t h e  r eco rd ing  mechanism, t h e  q u a r t z  
t ube  c o n t a i n i n g  t h e  specimen was evacuated  and purged approximately 
40 t i m e s  by manipula t ion  of the  two-way va lve .  Then t h e  v a l v e  w a s  
opened t o  t h e  i n e r t  gas  and a s l i g h t  p o s i t i v e  p r e s s u r e  of tank  argon 
was main ta ined  throughout  t h e  t es t .  The specimen w a s  tes ted through 
a t y p i c a l  test c y c l e  which r equ i r ed  approximately 8 hours  t o  hea t  
from room tempera ture  t o  1600'F and cool  down t o  room tempera ture .  

Examination of t h e  exposed specimen r e v e a l e d  t h a t  approximately 
90 p e r c e n t  of t h e  s u r f a c e  of the  specimen r e t a i n e d  t h e  p r e - t e s t  
metall ic l u s t e r .  The on ly  a rea  t h a t  showed evidence  of d i s c o l o r -  
a t i o n  w a s  t h e  t i p  of t h e  specimen wnicn was in c v i ~ t a c t  w i t h  t h e  
q u a r t z  push rod .  In  s e c t i o n i n g  t h e  t e s t e d  specimen f o r  gas  a n a l y s i s ,  
t h i s  d i s c o l o r e d  t i p  proved extremely ha rd ,  i n d i c a t i v e  of l o c a l i z e d  
contaminat ion .  Three a r e a s  of t h e  specimen, f r o n t t i p  ( d i s c o l o r e d ) ,  
middle  l e n g t h  and r e a r  t i p ,  were analyzed f o r  gas  c o n t e n t .  The re- 
s u l t s ,  summarized i n  Table  XVIII, showed t h a t  f u r t h e r  mod i f i ca t ions  
t o  t h e  s y s t e m  were r e q u i r e d  before  an a c c e p t a b l e  t es t  environment 
could  be achieved .  

The $efl.Qn gas  l i n e s  were r ep laced  w i t h  s t a i n l e s s  steel tub ing  
and welded c o n s t r u c t i o n  or s t a i n l e s s  s tee l  swagelok f i t t i n g s  em-  
p loyed .  Glass  t o  g l a s s  connec t ions  were made w i t h  ground g l a s s  f i t -  
t i n g s  and g l a s s  t o  meta l  connec t ions  were made by t h e  u s e  of b r a s s  
swageloks.  

The p a r t i a l  evacuat ion/purge method was abandoned and r e p l a c e d  
w i t h  a p o s i t i v e  f low purg ing  s y s t e m  by j o i n i n g  a g l a s s  n i p p l e  t o  t h e  
q u a r t z  t ube  c o n t a i n i n g  t h e  Pyros s t a n d a r d ,  s i m i l a r  t o  t h e  e x i s t i n g  
n i p p l e  on t h e  test specimen tube.  A g l a s s  c ross -over  tube  j o i n i n g  
t h e  back ends of t h e  q u a r t z  tubes  completed t h e  c i r c u i t  f o r  t h e  
i n e r t  g a s .  G l a s s  s top-cocks were p laced  a t  t h e  n i p p l e s  of t h e  q u a r t z  
t ubes .  A t r a p  and bubb le r ,  which c o n s i s t s  of Erlenmeyer f l a s k  j o i n e d  
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by g l a s s  t ub ing  and small  l eng ths  of rubbe r  t u b i n g ,  were j o i n e d  t o  
t h e  o u t l e t  s i d e  of t h e  s y s t e m .  The f i r s t  f l a s k  i s  empty  and t h e  
second f l a s k  c o n t a i n s  vacuum o i l  so  t h a t  t h e  r a t e  of purg ing  can 
be observed.  A f r e s h l y  a c t i v a t e d  gas  p u r i f i c a t i o n  t r a i n  (F igure  5 ,  
Ref.  2) -  was i n s t a l l e d  a t  t h e  gas sou rce  and t h e  commercially pu re  
a rgon  was r ep laced  wi th  h igh  p u r i t y  hel ium (99.999%). 

The i n e r t  gas  c i r c u i t , d u r i n g  purging,now c o n s i s t s  of p a s s i n g  
t h e  helium i n t o  t h e  q u a r t z  tube  c o n t a i n i n g  t h e  Pyres s t a n d a r d ,  t o  
t h e  q u a r t z  t ube  c o n t a i n i n g  t h e  specimen v i a  t h e  g l a s s  c ross -over  
t u b e ,  and f i n a l l y  through t h e  t r a p  and bubb le r .  The r e v i s e d  s y s -  
t e m  i s  shown i n  F igu re  10. 

Using t h e  Cb-1Zr w i r e  f o r  a t r i a l  r u n ,  t h e  s y s t e m  was purged 
f o r  s e v e r a l  hours wi th  p u r i f i e d  helium a t  room tempera ture .  The 
o u t l e t  stop-cock was c losed  and a s l i g h t  p o s i t i v e  p r e s s u r e  was 
main ta ined  on t h e  system w h i l e  t h e  specimen w a s  s u b j e c t e d  t o  t h e  
tes t  c y c l e .  Examination of t he  specimen a f t e r  c o o l i n g  t o  room 
tempera ture  showed t h a t  t h e  Cb-1Zr a l l o y  was completely f r e e  of 
d i s c o l o r a t i o n .  

A s t anda rd  thermal  expansion tes t  specimen of t h e  Cb-1Zr a l l o y  
w a s  exposed t o  a s i m i l a r  c y c l e  t o  v e r i f y  t h e  t r i a l  run .  Again,  t h e  
specimen emerged wi thout  d i s c o l o r a t i o n  and samples f o r  gas  ana lyses  
w e r e  s e c t i o n e d  from t h e  f r o n t ,  m i d d l e  and back end of t h e  specimen. 
Although t h e  ana lyses  had no t  been completed by t h e  end of t h e  re- 
p o r t  i n t e r i m ,  i t  appears  t h a t  a s a t i s f a c t o r y  tes t  environment has  
been achieved .  

F r i c t i o n  and Wear i n  High Vacuum 

A des ign  r e v i e w  of t h e  high vacuum tester w a s  i n i t i a t e d  i n  prep-  
a r a t i o n  f o r  re-submission of i n q u i r i e s  t o  t h e  vendors .  The review 
w i l l  be completed and purchase i n q u i r i e s  s e n t  t o  p o t e n t i a l  vendors 
i n  t h e  next  r e p o r t  interim. 

F r i c t i o n  and Wear i n  Liquid  Potassium 

The des ign  of t h e  potassium f r i c t i o n  and wear t es te r  w a s  ex- 
t e n s i v e l y  reviewed dur ing  t h e  r e p o r t i n g  p e r i o d .  A l l  de t a i l  draw- 
i n g s  were f i n a l i z e d  and t h r e e  sets of 60 drawings wi th  a p p r o p r i a t e  
p r o c e s s  s p e c i f i c a t i o n s  were forwarded t o  t h e  NASA Technical  Manager 
for approval  on June 23, 1964. With t h e  excep t ion  of t h e  potass ium 
sump h e a t e r ,  v e r b a l  approval  to proceed wi th  t h e  c o n s t r u c t i o n  of t h e  
tester was r e c e i v e d  from NASA on J u l y  8 ,  1964. 

The drawings were r e l e a s e d  t o  vendors du r ing  t h e  l a t t e r  p a r t  of 
June f o r  q u o t a t i o n s .  A l l  quo ta t ions  have been r e c e i v e d  and purchase  
o r d e r s  w e r e  r e l e a s e d  for a l a r g e  p o r t i o n  of t h e  work, i n c l u d i n g  t h e  
procurement of t h e  r e f r a c t o r y  metals f o r  t h e  i n t e r n a l  components of 
t h e  tester.  
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Main Assembly. The major order  f o r  t h e  f a b r i c a t i o n  of t h e  tester 
w a s  p l a c e d  wi th  t h e  McGregor Manufacturing Company of Troy, Michigan. 
Except f o r  t h e  components l i s t e d  below, McGregor w i l l  f a b r i c a t e  one 
complete assembly t o  G.E.  drawing 246D907 p l u s  s p a r e  p a r t s .  

I t e m  P a r t  No. 

1 P2 

2 P39 

3 P5 0 

4 P5 7 

5 P58 ' 

6 P5 9 

7 PlOl 

Des igna t ion  

Motor 

Bear ings  

Heater 

B a f f l e  

(Disc)  Specimen h o l d e r  

(Disc)  Specimen ho lde r /  
s l e e v e  assembly 

Specimen ho lde r  assembly 
( load ing  arms) 

McGregos is p r e s e n t l y  p l ac ing  o r d e r s  f o r  i n a t e r i a l  for f a b r i c a t i o n .  

%e purchzsn ef t w o  s p a r e  P29 magnets,  P30 magnets and P31 d i a -  
phragms is  s t i l l  be ing  nego t i a t ed .  For c o s t  purposes ,  t h e  Ci-iZr 
a l l o y  sump (P56) and t h e  inne r  chamber of t h e  vacuum chamber (P64) 
w i l l  be welded f a b r i c a t i o n s  in s t ead  of t h e  in t ended  one p i e c e  con- 
s t r u c t i o n .  The Cb-1Zr a l l o y  sump w i l l  be f a b r i c a t e d  from t h r e e  
p i e c e s  (bottom p i e c e ,  cyl inder-cone and f l a r g e )  and w i l l  be welded 
by General E l e c t r i c  t o  s p e c i f i c a t i o n  SPPS 3B,"Welding of Columbium - 
1% Zirconium Al loy  by t h e  Inert-Gas Tungsten A r c  Process." The ad- 
d i t i o n  of t h e  welds t o  t h e  Cb-1Zr  a l l o y  sump are of no cause f o r  
concern s i n c e  they are no t  primary seals. However, t h e  s i n g l e  g i r t h  
weld,  which j o i n s  t h e  bottom p i e c e  of t h e  s t a i n l e s s  s tee l  vacuum 
chamber t o  t h e  seamless cy l inder -cone ,  is  a pr imary seal and w i l l  
r e q u i r e  r a d i o g r a p h i c  in spec t ion  and l e a k  checking w i t h  a mass 
spec t romete r  t o  spec i f  icafvion ANS 2635 , Radiographic  Inspec t ion"  , 
and SPPS 26, ' M a s s  Spec t romet r ic  Leak De tec t ion  Using Helium, 'Ye- 
spec  t i v e l  y . 

I 1  

Loading A r m .  A s  p r e s e n t l y  des igned ,  t h e  bel lows f o r  t h e  r i d e r  
specimen ho lde r  assembly (P101) r e q u i r e s  r o t a t i o n  and t r a n s l a t i o n  
of one end of t h e  bel lows i n  a p l a n e  p a r a l l e l  t o  t h e  o t h e r  end. 
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T h i s  p rope r ty  of a bel lows i s  no t  normally r e q u i r e d ,  and t h e r e f o r e ,  
is n o t  a v a i l a b l e  from t h e  manufactures  or e n g i n e e r i n g  r e c o r d s .  
Samples o f  t h e  be l lows ,  i n t ended  t o  be used ,  were o b t a i n e d  and i t  
was d i scove red  t h a t  t h e  f o r c e s  r e q u i r e d  t o  a c h i e v e  t h e  l a t e r a l  t r a n s -  
l a t i o n  a r e  s i g n i f i c a n t l y  l a r g e r  t h a n  t h e  l o a d s  which are  t o  be t r a n s -  
m i t t e d  and measured. S i n c e  t h e  l a t e r a l  t r a n s l a t i o n  f o r c e  i s  expec ted  
t o  va ry  w i t h  chamber p r e s s u r e  and t empera tu re ,  t h e  accuracy of t h e  
measurement of f o r c e s  imposed on t h e  specimens might be compromised. 
Therefore ,  t h e  bel lows at tachment  s y s t e m  w a s  r e d e s i g n e d  and q u o t a t i o n s  
on t h e  new des ign  are be ing  r e c e i v e d .  Redesign of t h e  l o a d  arms i s  
n o t  expected t o  d e l a y  assembly. 

A device for b a l a n c i n g  t h e  l o a d i n g  arms and o b t a i n i n g  tare 
we igh t s  under p r e s s u r e  h a s  been conceived and d e t a i l  drawings are 
now being p repa red .  S i m i l a r l y ,  a d e s i g n  w a s  completed and drawings 
are being p repa red  f o r  a dummy thermocouple w e l l  which w i l l  be i n -  
s t a l l e d  i n  a loading-arm h o l e  and w i l l  ex t end  i n t o  t h e  stream of po ta s -  
sium expe l l ed  from t h e  d i s c  sample. The pu rpose  of t h i s  thermocouple 
i s  t o  measure potassium t empera tu re  a t  t h e  l o c a t i o n  of t h e  t es t  s p e c i -  
mens and compare t h i s  t empera tu re  a g a i n s t  t h e  t empera tu re  r eco rded  by 
t h e  thermocouple i n  t h e  w e l l  which touches t h e  bottom of t h e  sump. 

B a l l  Bearings.  The b a l l  b e a r i n g s  (P39) f o r  t h e  main s h a f t  w e r e  
o r d e r e d  from I n d u s t r i a l  T e c t o n i c s ,  Inc .  of Compton, C a l i f o r n i a .  The 
b e a r i n g s  a r e  t o  be made from Type 440-C s t a i n l e s s  s tee l  as are t h e  
n i c k e l - p l a t e d ,  one p i e c e ,  machined r e t a i n e r s .  The i n n e r  s i d e  w i l l  
have e x t r a  s t o c k  on one f a c e  t o  p r o v i d e  a p u l l e r  groove,  b e l i e v e d  t o  
be necessa ry  i n  t h e  potassium environment.  De l ive ry  i s  expec ted  i n  
1 4  weeks. 

P resen t  p l a n s  are t o  o r d e r  s e v e r a l  sets of commercially a v a i l a b l e  
b e a r i n g s  t o  pe rmi t  t h e  assembly of t h e  tes ter  i f  t h e  s h a f t  and bear-  
i n g  housings a r e  completed b e f o r e  t h e  s p e c i a l  b e a r i n g s  a r e  a v a i l a b l e .  

B a f f l e  and Disc Specimen Holders .  Manufacture of t h e  b a f f l e  
(P57), specimen h o l d e r  (P58) and specimen h o l d e r / s l e e v e  assembly 
(P59) w a s  awarded t o  t h e  Un ive r sa l  Machine Company of Fen ton ,  Michigan. 
Un ive r sa l  Machine w i l l  begin f a b r i c a t i o n  of t h e  components as soon as 
t h e  r e f r a c t o r y  a l l o y  m i l l  p r o d u c t s  a re  r e c e i v e d .  

Bakeout Heater.  The Alco Research Instrument  Department of 
American Standard w a s  c o n t a c t e d  and h a s  s u p p l i e d  i n f o r m a t i o n  i n d i -  
c a t i n g  t h a t  one of t h e i r  commercial p r o d u c t s ,  Aerocoax m i n i a t u r e  
e l e c t r i c  h e a t i n g  e l emen t s ,  can be s u p p l i e d  i n  t h e  p r o p e r  l e n g t h s  
and can supply s u f f i c i e n t  h e a t i n g  power t o  bakeout t h e  po ta s s ium 
sump during e v a c u a t i o n .  

Details of t h e  shap ing  of t h e s e  h e a t i n g  e l emen t s  t o  cove r  t h e  
d e s i r e d  a rea  i n s i d e  t h e  tes ter  vacuum chamber ( i t em P64, GE draw- 
i n g  246D907), and t h e  b r a z i n g  of t h e  e l emen t s  i n t o  p l a c e  remain t o  
be completed. 
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Potassium Sump Heater. Since t h e  potass ium f r i c t i o n  and wear 
tester must f u n c t i o n  under  seve re  o p e r a t i n g  c o n d i t i o n s  w i t h  r e s p e c t  
t o  t empera tu re ,  speed and p r e s s u r e ,  t h e  s e l e c t i o n  of t h e  most s u i t -  
a b l e  method of h e a t i n g  t h e  potass ium has  been ex t remely  d i f f i c u l t .  
Although t h e  immersion h e a t e r  was p r e v i o u s l y  s e l e c t e d  (Ref.  3 & 4 ) ,  
because of t h e  c r i t i c a l  n a t u r e  of t h e  component and t h e  l a c k  of ex- 
p e r i e n c e  w i t h  columbium clad h e a t e r s  of t h i s  des ign ,  t h e  NASA 
Technica l  Manager r eques t ed  an e x t e n s i v e  review of f e a s i b l e  methods 
of h e a t i n g  t h e  potass ium t o  160O0F. Those methods reviewed were a s  
f o l l o w s  : 

1) Closed Loop Design 

A .  I n d i r e c t  Heat ing  Systems - Potassium is  h e a t e d  i n  t h e  
sump by means of a heat  exchanger .  

(1) Gas F i r e d  Heat Exchanger - E x t e r n a l l y  hea ted  a i r  
i s  f o r c e d  through C b - 1 Z r  a l l o y  c l a d  Inconel  t ubes  
immersed i n  t h e  potassium sump, F igu re  11. 

(2) NaK Heat Exchanger - E x t e r n a l l y  hea ted  NaK i s  
pumped through Cb-1Zr  a l l o y  t u b e s  immersed i n  
t h e  potass ium sump, F igu re  1 2 .  

B .  Direct Heat ing  Systems - Power i s  s u p p l i e d  d i r e c t l y  
i n t o  t h e  potass ium pool .  

(1) Tube Zesis ta , i l ;e  ::eater - * " V U Y L  D r \ t - c c i , ~ m  AI... is 91-?mperl 

through Cb-1Zr a l l o y  t u b i n g  through which an 
e lec t r ic  c u r r e n t  i s  passed .  Heat ing  is ac- 
complished by t h e  e lectr ical  r e s i s t a n c e  of 
t h e  tube  and t h e  potass ium.  A t  500 amps and 
20 v o l t s , a  tube  1226 inches  l o n g  is r e q u i r e d  
t o  produce 10 KW of h e a t i n g ,  F i g u r e  13. 

(2) Immersed Radia t ion  Heater - A s h i e l d e d  elec- 
t r i c a l  l e a d  of molybdenum, which i s  brought  
i n t o  t h e  tester and t e r m i n a t e s  i n  an evacu- 
a t e d  Cb-1Zr  a l l o y  e n c l o s u r e ,  immersed i n  t h e  
potass ium p o o l ,  p rov ides  t h e  e l ec t r i ca l  power 
f o r  s ix  Ta-1OW a l l o y  c o i l  r e s i s t o r s .  The 
c i r c u i t  is grounded through t h e  e n c l o s u r e  and 
t h e  potass ium pool .  Heat ing  i s  accomplished 
by r a d i a t i o n  from t h e  r e s i s t o r s  t o  t h e  Cb-1Zr 
a l l o y  e n c l o s u r e .  A t  500 amps and 20 v o l t s ,  
t h e  0.062-inch d i a m e t e r  h e a t e r s  o p e r a t e  a t  
4200°F t o  provide  10 KW of h e a t i n g ,  F i g u r e  14 .  

-51- 



e - 

c, 
111 

G x w 
z 

Combus ter 

7 

Insulated 
Inconel Tube 

Bimetallic 
w Joint 

1600°F 

Cb-1Zr Alloy Clad 
/ 

Cb-1Zr Alloy 
SWP 

Tube 

Gas Air 

Figure 11. Gas Fired Heat Exchanger for Heating Potassium in Friction 
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Figure 14. Immersed Radiation Heater for Heating Potassium in the 
Friction and Wear Tester. 
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(3) Immersed Conductive Hea te r  - Standa rd  230-volt  , 44-  
ampere c u r r e n t  i s  s u p p l i e d  t o  seven Cb-1Zr a l l o y  
c l a d ,  BN i n s u l a t e d ,  Nichrome h e a t i n g  e l emen t s  
immersed i n  t h e  potassium. The des ign  is  de- 
s c r i b e d  i n  d e t a i l  i n  Q u a r t e r l y  P r o g r e s s  Report  
N o .  4 ,  (page 18, Ref ,  4).  

2)  Open Loop Design - A conf ined  volume of potassium i s  
hea ted  e x t e r n a l l y  and al lowed t o  f low by g r a v i t y  o v e r  
t h e  tes t  specimens,  F i g u r e  15. 

Other methods of h e a t i n g  which were reviewed,  bu t  were 
d i s c a r d e d  f o r  major t e c h n i c a l  d e f i c i e n c i e s ,  a r e :  

1 )  Induc t ion  Heat ing - This  method r e q u i r e s  a massive power 
supply,  because of t h e  high-f requency c u r r e n t  needed.  The 
e l e c t r i c a l  l e a d s  are massive and i t  would be ex t r eme ly  
d i f f i c u l t  t o  f i t  t h e  c o i l s  i n t o  t h e  tester o r  env i ron -  
mental chamber. If t h e  c o i l  is p laced  w i t h i n  t h e  t e s t e r ,  
s h o r t i n g  would be a problem and a s p e c i a l  c o i l  m a t e r i a l  
would be r e q u i r e d .  I f  t h e  c o i l  is l o c a t e d  e x t e r n a l l y ,  
t h e  chamber w a l l  would be s u s c e p t e d  and t h e  e f f i c i e n c y  
of t h e  r a d i a t i o n  h e a t i n g  would be ex t r eme ly  low. 

2) Res i s t ance  Heat ing - Heat i s  provided through an  anode 
and cathode dipped i n t o  t h e  pool  and r e q u i r e s  c u r r e n t s  
of 25,000 amperes, o r  more, due t o  t h e  low r e s i s t i v i t y  
of t h e  potassium. The massive l e a d s  cou ld  no t  be 
worked i n t o  t h e  t es te r  and t h e  power supp ly  s y s t e m  
would be  ve ry  expens ive .  

3)  Radia t ion  H e a t i n g  - Hea t ing  of t h e  o u t s i d e  of t h e  s t a i n -  
less s tee l  vacuum chamber and r e - r a d i a t i o n  t o  t h e  Cb-1Zr 
a l l o y  sump i s  a ve ry  i n e f f i c i e n t  method. Even w i t h  r a d i -  
a t i o n  s h i e l d i n g ,  approximately h a l f  of t h e  h e a t  would be 
r a d i a t e d  away from t h e  sump. The c u r r e n t  r e q u i r e d  f o r  
a t an ta lum,  s p l i t - c y l i n d e r  h e a t e r  su r round ing  t h e  s t a i n -  
l ess  s teel  vacuum chamber would be approx ima te ly  1160 
amperes. A l so ,  t h e  t empera tu re  t o  which t h e  s t a i n l e s s  
s teel  cou ld  be hea ted  would be l i m i t e d .  Cool ing of t h e  
primary environmental  sea l  would be a problem. 

Of t h e  h e a t i n g  methods c o n s i d e r e d ,  t h e  immersion conduc t ive  
h e a t e r ,  p r e s e n t l y  inc luded  as a d e t a i l  drawing of t h e  potassium 
t e s t e r ,  and t h e  immersed r a d i a t i o n  h e a t e r  appea r  t o  be t h e  most 
p r a c t i c a l  d e s i g n s .  F u r t h e r  e v a l u a t i o n  of bo th  of t h e  methods 
of h e a t i n g  i s  i n  p r o g r e s s  and a f i n a l  d e c i s i o n  w i l l  be made n e x t  
month. 
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Figure 15. Open Loop Design for Gravity Feeding of Hot Potassium 
to Friction and Wear Specimens. 

-57- 



Test  F a c i l i t y .  Minor changes were made t o  t h e  d e s i g n  of t h e  t e s t  
f a c i l i t y  for t h e  potassium f r i c t i o n  and wear tes t  r i g ,  d e s c r i b e d  i n  
d e t a i l  i n  Q u a r t e r l y  P r o g r e s s  Report  N o .  4 ,  (Ref. 4 ) .  For s a f e t y  
r easons  t h e  a u x i l i a r y  h e a t e r  and c o o l e r  i n c o r p o r a t i n g  polyphenyl  
e t h e r  as t h e  h e a t  exchanger f l u i d  w a s  r edes igned  t o  u s e  a i r .  The 
a i r  h e a t i n g  system c o n s i s t s  of two e l e c t r i c  a i r  h e a t e r s  w i t h  a h e a t -  
i ng  c a p a c i t y  of 6 KW each ,  connected i n  series.  The new h e a t i n g  s y s -  
t e m  i s  designed t o  supp ly  a i r  a t  a maximum tempera tu re  of 1000°F f o r  
'evaporat ing potassium and bakeout d u r i n g  t h e  vacuum c y c l e .  

A Taylor gauge w a s  i n c o r p o r a t e d  i n  t h e  t e s t e r  t o  measure t h e  
p r e s s u r e  d i r e c t l y  i n  t h e  test  r i g  d u r i n g  h i g h  p r e s s u r e  o p e r a t i o n ,  
i . e . ,  50 p s i .  S i g n a l s  r e c e i v e d  from t h e  Taylor  gauge w i l l  c o n t r o l  
t h e  diaphram va lve  r e g u l a t i n g  t h e  a i r  p r e s s u r e  on t h e  e x t e r n a l  s u r -  
f a c e  of t he  metaldiaghragm of t h e  magnet ic  c l u t c h  on t h e  t o p  of t h e  
test  r i g .  I n  a d d i t i o n , t w o  p r e s s u r e  swi t ches  were added, one t o  s h u t  
off t h e  power t o  t h e  tes t  r i g  i n  t h e  even t  of a l o s s  of a i r  p r e s s u r e  
ove r  t h e d i a p h r a g n a n d  t h e  o t h e r  t o  s h u t  off t h e  power i n  t h e  e v e n t  
of a sudden i n c r e a s e  i n  p r e s s u r e  w i t h i n  t h e  tes t  r i g ,  

The d e t a i l  des ign  of t h e  t i t a n i u m - l i n e d  h o t  t r a p  w a s  completed.  
The h o t  t r a p  w i l l  be c o n s t r u c t e d  from Type 316 s t a i n l e s s  steel  and 
w i l l  c o n t a i n  3 . 5  pounds of z i rconium f o i l  t o  a c h i e v e  a r a t i o  of 5 
grams of potassium p e r  s q u a r e  i n c h  of g e t t e r i n g  s u r f a c e .  
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Hand v a l v e s  were r e p l a c e d  by r emote ly  o p e r a t e d  diaphragm v a l v e s  
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V. TEST PROGRAM 

Corros ion  

E igh teen  Cb-1Zr a l l o y  co r ros ion  c a p s u l e  a s sembl i e s  c o n t a i n i n g  
Carboloy Grades 907 and 999,  Mo-TZM a l l o y ,  t u n g s t e n ,  Lucalox and 
Z r 0 2  specimens have been prepared ,  f i l l e d  w i t h  p u r i f i e d  potass ium,  
vacuum s e a l e d  and t e s t e d  f o r  1 ,000  hours  a t  tempera tures  of 800°, 
1200° and 1600°F i n  a vacuum of t o  lo-’ t o r r .  The f a b r i c a t e d  
c a p s u l e s ,  d e s c r i b e d  i n  Q u a r t e r l y  P r o g r e s s  Report  N o .  4 (Ref.  4 ) ,  
were‘ c l eaned  acco rd ing  t o  SPPS s p e c i f i c a t i o n  1 1 A ,  “Chemical Clean- 
i n g  of Columbium and Columbium Al loy  Products .1’  Eecause t h e  i n s i d e  
s u r f a c e  f i n i s h  of a c i d  c l eaned  c a p s u l e s  was found t o  be t h e  same as 
t h a t  of l i q u i d  honed m a t e r i a l ,  i . e . ,  22-28 r m s ,  t h e  c a p s u l e s  were 
l e f t  i n  t h e  a s -p i ck led  cond i t ion .  A f t e r  c l e a n i n g ,  t h e  I D  of each  
c a p s u l e  w a s  measured a t  both  the  t o p  and bottom t o  + 0.0001 i n c h .  
The welded specimen h o l d e r s  were c l eaned  i n  c o n c e n t r a t e d  HN03 and 
t h e n  thoroughly  r i n s e d  i n  water  fo l lowed  by a f i n a l  r i n s e  i n  e t h y l  
a l c o h o l .  

The specimens were c l eaned  i n d i v i d u a l l y  i n  e t h y l  a l coho l  p r i o r  
t o  dimensional  measuring t o  + 0.0005 inch .  Typica l  c a p s u l e s ,  s p e c i -  
men h o l d e r s ,  and specimens are shown i n  F i g u r e s  1 6  and 1 7 .  
s e q u e n t l y ,  t h e  i n d i v i d u a l  specimens were u l t r a s o n i c a l l y  c l eaned  i n  
e t h y l  a l c o h o l  and t h e n  r i n s e d  i n  e t h y l  a l c o h o l .  A f t e r  s u f f i c i e n t  
d r y i n g  t i m e ,  i . e . ,  30 minutes ,  t h e  specimens w e r e  weighed t o  + 0.0005 
gram and immediately p l aced  i n  t h e  specimen h o l d e r s .  Then, t h e  
specimen h o l d e r s  were p laced  i n t o  t h e  c a p s u l e s .  

Sub- 

- 

The loaded  c a p s u l e s  were f i l l e d  w i t h  p u r i f i e d  potass ium u s i n g  
t h e  vacuum f i l l i n g  f a c i l i t y  desc r ibed  i n  Q u a r t e r l y  P rogres s  Report  
N o .  3 (Ref.  3 ) .  Chemical ana lyses  of t h e  potass ium samples t aken  
d u r i n g  t h e  f i l l i n g s  are  shown i n  Table  PV.. 

The oxygen va lues  ob ta ined  from samples i n  t h e  t r a n s f e r  l i n e  
and t h o s e  c a s t  w i t h i n  t h e  w e l d  chamber i n d i c a t e  a low oxygen c o n t e n t  
f o r  t h e  potassium. Although a comparison of t h e  d a t a  o b t a i n e d  from 
t h e  two d i f f e r e n t  l o c a t i o n s  i n d i c a t e  t h a t  a s m a l l  amount of contam- 
i n a t i o n  of t h e  potassium may have occur red  i n  t h e  weld chamber, t h e  
c o n s i s t e n c y  of t h e  potass ium samples d i f f e r e d  i n  t h a t  t h e  samples 
from t h e  t r a n s f e r  l i n e  were more s o l i d .  Poor ly  c a s t  specimens cou ld  
l e a d  t o  some contaminat ion  dur ing  t r a n s f e r  t o  t h e  amalgamation ap- 
p a r a t u s .  However, c a s t i n g  i s  an i n h e r e n t  c h a r a c t e r i s t i c  of t h e  cap- 
s u l e  f i l l i n g  t echn ique  and i t  i s  n o t  p o s s i b l e  t o  h e a t  t h e  c a p s u l e s  
du r ing  f i l l i n g .  

I n  p l o t t i n g  t h e  o r i g i n a l  oxygen d a t a  as micrograms of K20 v s  sam- 
p l e  we igh t ,  a s  shown i n  F igures  18 and 1 9 ,  i t  c a n , b e  s e e n  t h a t  t h e  
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d a t a  from the samples t aken  from t h e  t r a n s f e r  l i n e s  o u t s i d e  t h e  weld- 
i n g  chamber more n e a r l y  conform t o  t h e  expec ted  r e c t i l i n e a r  r e l a t i o n -  
s h i p  than the d a t a  f o r  samples t h a t  were cas t  i n s i d e  t h e  chamber. 
A l s o ,  t h e  v a l u e s  o b t a i n e d  from t h e  cast  samples w e r e  g e n e r a l l y  
s l i g h t l y  h i g h e r .  However, a s t a t i s t i c a l  t r e a t m e n t  of t h e  d a t a  i n  
F i g u r e  18 y i e l d s  a c o r r e l a t i o n  c o e f f i c i e n t  of 0.85 and a s t a n d a r d  
d e v i a t i o n  of 5 . 4  micrograms, bo th  of which are t o o  h i g h  t o  be of 
real  s i g n i f i c a n c e .  An a n a l y t i c a l  b l ank  e x i s t s  which has  n o t  been 
e l imina ted .  Although t h e  above s t a t i s t i c a l  t r e a t m e n t  i n d i c a t e s  t h a t  
t h e  blank w a s  about  5 micrograms, i t  i s  b e l i e v e d  t h a t  i t  i s  a c t u a l l y  
l a r g e r .  The consensus i s  t h a t  t h e  a c t u a l  oxygen c o n t e n t  of t h e  p o t a s -  
sium coming from t h e  h o t  t r a p  i s  less t h a n  5 ppm and t h a t  t h e  amount 
of contaminat ion o c c u r r i n g  d u r i n g  f i l l i n g  i s  p robab ly  n o t  greater  t h a n  
a n o t h e r  5 ppm. 

I t  should be p o i n t e d  o u t  t h a t  t h e  oxygen v a l u e s  shown i n  Table  Iv 
are c a l c u l a t e d  assuming oxygen as K20 i n  potassium. The me ta l l i c  i m -  
p u r i t y  values  are c a l c u l a t e d  as weight  of impur i ty  p e r  weight  of po- 
t a s s ium c h l o r i d e .  

A f t e r  each c a p s u l e  w a s  f i l l e d  w i t h  approximately 1 2  grams of p u r i -  
f i e d  potassium, i t  was immediately s e a l e d  by e l e c t r o n  beam welding.  
The p r e s s u r e  d u r i n g  f i l l i n g s  was ma in ta ined  i n  t h e  t o r r  r ange  
and t h e  normal t i m e  r e q u i r e d  t o  f i l l  and seal one c a p s u l e  w a s  app rox i -  
m a t e l y  30 minutes .  Of t h e  f i r s t  e i g h t e e n  c a p s u l e s  f i l l e d ,  4 c a p s u l e s  
w e r e  r e j e c t e d  because of improper po ta s s ium l e v e l s  as shown by r a d i o -  
g r a p h i c  examination of each  c a p s u l e  and a l s o  by t h e  weight  of p o t a s -  
sium i n  the  c a p s u l e s .  Modi f i ca t ions  w e r e  made i n  t h e  measuring cup 
and 4 capsu le s  were f i l l e d  t o  r e p l a c e  t h e  ones no t  used.  Radiographic  
i n s p e c t i o n  a l s o  r e v e a l e d  t h a t  t h r e e  c a p s u l e s  l acked  f u l l  p e n e t r a t i o n  
welds i n  t h e  top  end cap .  These welds w e r e  r e p a i r e d  and r e i n s p e c t e d  
p r i o r  t o  t e s t i n g .  The c a p s u l e s  were t h e n  g r i t  b l a s t e d  w i t h  50-micron 
A 1 2 0 3  g r i t .  
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The completed c a p s u l e s  were p l a c e d  i n  t h e  c o r r o s i o n  t es t  f a c i l i t y ,  
d e s c r i b e d  p r e v i o u s l y  (Ref. 3 and page 1 6  of t h i s  r e p o r t ) ,  which i s  
l o c a t e d  i n  a Varian h i g h  vacuum chamber, shown i n  F i g u r e . 2 0 ,  The chamber 
i s  24 inches i n  d i ame te r  x 54 i n c h e s  h igh  and is  made of Type 304 
s t a i n l e s s  s t ee l .  The chamber i s  equipped w i t h  4 c ryogen ic  molecu la r  
s i e v e  roughing pumps, a 1000 l / s e c  g e t t e r - i o n  pump and it  i s  bake- 
a b l e  t o  750°F. 

The capsu le s  were ins t rumen ted  on b o t h  t h e  t o p  and bottom end 
c a p s  w i t h  P t  vs  Pt+lO%Rh thermocouples.  Two thermocouples which had 
been c a l i b r a t e d  a t  z i n c ,  aluminum and copper  m e l t i n g  p o i n t s  were i n -  
s t a l l e d  on c a p s u l e s  i n  each s u s c e p t o r .  These thermocouples w i l l  be 
r e c a l i b r a t e d  a t  t h e  end of each 1,000 hour s  of t e s t i n g  t o  e v a l u a t e  
t h e  s t a b i l i t y  of t h e  thermocouples i n  h i g h  vacuums. 
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Figure 20. Isothermal Corrosion Capsule Test Faci l i ty  Prior to the F i r s t  
1,000-Hour Test at 800°, 1200° and 1600OF. (C64072401) 
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The chamber w a s  s e a l e d ,  evacuated t o  3.8 x t o r r  and g iven  
a 10-hour bakeout a t  400°F a f t e r  which t h e  p r e s s u r e  dropped t o  4 x 

test f i r s t ,  fo l lowed  by t h e  800°F tes t  and t h e n  t h e  1200°F test .  
Approximately 45 hour s  were r e q u i r e d  t o  b r i n g  each  s u s c e p t o r  up t o  
t h e  test  temperature and s t i l l  m a i n t a i n  t h e  chamber p r e s s u r e  a t  less 
t h a n  1 x Twenty hours  a f t e r  t h e  1200°F test  reached t h e  
tes t  temperature  t h e  p r e s s u r e  i n  t h e  chamber w a s  8 x t o r r .  The 
p l o t  of t h e  p r e s s u r e  change i n  t h e  t e s t  i s  shown i n  F i g u r e  21. A l l  
p r e s s u r e  v a l u e s  a r e  o b t a i n e d  from a t u b u l a r  Bayard-Alpert i o n i z a t i o n  
gauge l o c a t e d  on t h e  s i d e  of t h e  chamber. The mean test  t empera tu re  
and t h e i r  d e v i a t i o n s  are shown i n  Table X I X ,  

t o r r .  The t e s t i n g  sequence c o n s i s t e d  of i n i t i a t i n g  t h e  1600°F 

t o r r .  

Th i r ty - fou r  a d d i t i o n a l  Cb-1Zr a l l o y  c a p s u l e s  were f a b r i c a t e d  and 
c l e a n e d  i n  t h e  same manner as d i s c u s s e d  e a r l i e r .  Of t h e s e ,  f i f t e e n  
c a p s u l e  assemblies  c o n t a i n i n g  K601, S t a r  J ,  Tic, TiC+lO%Cb and 
Grade 7178 specimens have been p repa red .  The c a p s u l e  a s sembl i e s  are 
now ready f o r  f i l l i n g  w i t h  potassium and e l e c t r o n  beam s e a l i n g .  

A vacuum d i s t i l l a t i o n  a p p a r a t u s  was designed f o r  t h e  c l e a n i n g  of 
t h e  c o r r o s i o n  tes t  specimens a f t e r  exposure t o  potassium. A s chemat i c  
of t h e  f a c i l i t y  i s  shown i n  F i g u r e  22. Verbal approva l  has  been re- 
c e i v e d  from t h e  NASA Technical  Manager t o  proceed w i t h  t h e  c o n s t r u c t -  
i on  of t h e  f a c i l i t y  and a l l  t h e  n e c e s s a r y  materials are  on o r d e r .  
The o p e r a t i n g  c o n d i t i o n s  w i l l  be determined by a p p r o p r i a t e  checkout 
tests p r i o r  t o  t h e  a c t u a l  c l e a n i n g  of t es t  specimens.  

Dimensional S t  a b i l  i t  y 

A f t e r  t h e  complet ion of t h e  second checkout r u n ,  t h e  two tes t  
f a c i l i t i e s ,  descr ibed  p r e v i o u s l y  (Ref.  3 ,  4 )  and on page 22 of t h i s  
r e p o r t ,  were loaded  w i t h  d u p l i c a t e  specimens of each  of 1 0  ma te r i a l s  
i n  p r e p a r a t i o n  f o r  t e s t i n g  a t  16OOo and 1200'F. Table  XX l i s t s  t h e  
materials t o  be t e s t e d  a long  w i t h  t h e i r  i d e n t i f y i n g  numbers, c o n d i t i o n  
and tes t  t empera tu re .  Note t h a t  one a d d i t i o n a l  specimen of each  of 
3 m a t e r i a l s  w a s  h e a t  t r e a t e d  f o r  1 hour a t  1800°F i n  vacuum and is  t o  
be t e s t ed  a t  1600°F t o  determine whether r e s i d u a l  g r i n d i n g  stresses 
w i l l  i n f l u e n c e  t h e  dimensional  s t a b i l i t y ,  

Before t h e  specimens w e r e  i n s t a l l e d  i n  t h e  t e s t  f a c i l i t y ,  t h e y  
were c l eaned  i n d i v i d u a l l y  i n  e t h y l  a l c o h o l  and a c c u r a t e l y  measured 
t o  + 0.00005 inch .  The specimens were t h e n  u l t r a s o n i c a l l y  c l e a n e d  ' 

i n  e t h y l  a l c o h o l ,  r i n s e d  i n  e t h y l  a l c o h o l ,  a i r  d r i e d  f o r  30 minutes  
and t h e n  weighed to  + 0.0005 gram. Immediately a f t e r  weighing,  each 
specimen was p l a c e d  i n  a s e p a r a t e  Cb-1Zr a l l o y  box. Then t h e  s p e c i -  
mens were p l a c e d  i n  t h e  s u s c e p t o r s  i n  random o r d e r  as shown i n  Tables  
XXI  and XXII.. The P t  vs  Pt+lO%Rh thermocouples w e r e  i n s t a l l e d  i n  
t h e  same manner and l o c a t i o n  as w a s  u sed  f o r  t h e  second checkout  run  
( s e e  page 27 of t h i s  r e p o r t ) .  The s p e c i f i c  l o c a t i o n  of each  thermo- 
coup le  i s  i n d i c a t e d  i n  Table  XXI and XXII. . 
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A f t e r  t h e  t e s t  s e t u p  was completed, t h e  chamber w a s  c l o s e d ,  
evacuated  t o  1 x t o r r  and given a 12-hour bakeout a t  572OF. 
A t  t h e  end of t h e  r e p o r t i n g  per iod  t h e  1200°F tes t  had accumu- 
l a t e d  440 hours  and t h e  1600OF tes t  had accumulated 540 hours 
of t es t  w i t h  t h e  p r e s s u r e  a t  8 . 5  x t o r r  as i n d i c a t e d  by a 
Bayard-Alpert i o n i z a t i o n  gauge. 
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TABLE X I X :  TEST TEMPERATURES FOR FIRST 1,000-HOUR ISOTHERMAL 
CAPSULE CORROSION TEST 

Test  
Temperature, 

O F  

1600 

1200 

800 

Mean 
Temperature, 

O F  

M e  an 
Temp Deviat ion 

OF % 

1594 

1199 

795 
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TABLE XX: IDENTITY OF TEST SPECIMENS FOR DIMENSIONAL STABILITY TEST No. 1 

T e s t  
Ma ter i  a1 

Carboloy Grade 999 
Carboloy Grade 999 
Carboloy Grade 999 
Carboloy Grade 999 

Carboloy Grade 907 
Carboloy Grade 907 
Carboloy Grade 907 
Carboloy Grade 907 
Carboloy Grade 907 

Mo-TZM 
MO -TZM 
Mo-TZM 
Mo-TZM 
Mo-TZM 

Tungsten 
Tungsten 
Tungs t e n  
Tungs t e n  

Lucalox (A12O3) 
Lucalox (Al2O3) 
Lucalox (Al2O3) 
Lucalox (A1203) 
Lucalox (A1203) 

ZrO2 
Zr02 
ZrO2 
ZrO2 

K601 
K601 
K6 01 
K6 01 

I d e n t i t y  

MCN 1035-B-1 
MCN 1035-B-2 
MCN 1035-B-3 
MCN 1035-B-4 

MCN 1036-B-1 
MCN 1036-B-2 
MCN 1036-B-3 
MCN 1036-B-4 
MCN 1036-B-11 

MCN 1037-B-1 
MCN 1037-B-2 
MCN 1037-B-3 
MCN 1037-B-4 
MCN 1037-B-9 

MCN 1038-B-1 
MCN 1038-B-2 
MCN 1038-B-3 
MCN 1038-B-4 

MCN 1039-B-1 
MCN 1039-B-2 
MCN 1039-B-3 
MCN 1039-B-4 
MCN 1039-B-12 

MCN 1040-B-1 
MCN 1040-B-2 
MCN 1040-B-3 
MCN 1040-B-4 

MCN 1041-B-1 
MCN 1041-B-2 
MCN 1041-B-3 
MCN 1041-B-4 

Condit ion Temperature, OF 

As-Received 
A s - R e c e i  ved 
As-Received 
As-Received 

As-Received 
As -Re cei ved 
As-Received 
As-Received 
As-Received + 1 Hour 
a t  1800°F - Vacuum 

As-Received 
As-Received 
As-Received 
As-Received 
As-Received + 1 Hour 
a t  1800'F - Vacuum 

A s  -Recei ved 
As-Received 
As-Received 
As-Received 

As-Recei ved 
A s - R e c e i  ved 
A s  -Re ce  i ved 
A s  -Re ce  i ved 
As-Received + 1 Hour 
a t  1800'F - Vacuum 

As-Received 
A s - R e c e i  ved 
As-Received 
As-Recei ved 

As-Received 
A s - R e c e  i ved 
A s  -Received 
A s  -Received 
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TABLE XX ( con t ' d )  

T e s t  
Material I d e n t i t y  C o n d i t i o n  T e m p e r a t u r e ,  OF 

T i  C 
T i c  
T i c  
T i  C 

MCN 1042-B-1 A s - R e c e i v e d  
MCN 1042-B-2 A s - R e c e i  ved 
MCN 1042-B-3 As - R e  ce i ved 
MCN 1042-B-4 A s - R e c e i v e d  

TiC+lO%Cb MCN 1045-B-1 A s - R e c e i v e d  
T i  C+  1 %Cb MCN 1045-B-2 As -Re  cei  ved 
T i C + l  O%Cb MCN 1045-B-3 A s - R e c e i  ved 
T i  C+  1 O%Cb MCN 1045-B-4 A s - R e c e i v e d  

G r a d e  7178 
G r a d e  7178 
G r a d e  7178 
G r a d e  7178 

MCN 1045-B-1 A s - R e c e i v e d  
MCN 1045-B-2 A s - R e c e i v e d  
MCN 1045-B-3 A s - R e c e i  ved 
MCN 1045-B-4 A s - R e c e i  ved 
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Figure 21. Pressure Curve for First 1,000-Hour Isothermal Corrosion 
Capsule Test. 
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VI. FUTURE PLANS 

The summary which follows enumerates the steps to be pursued 
during the succeeding quarter to implement this study. 

1) All of the remaining test specimens for the corrosion, dimen- 
sional stability, thermal expansion, hot hardness and compression 
test programs will be received. 

2) The second 1,000-hour isothermal capsule corrosion test, in- 
corporating 4 test facilities ( 2 at 1600°F, 1 at 1200°F and 1 at 
80O0F) and 20 capsules, will be completed. 

3) The first 1,000-hour dimensional stability test covering 10 
materials at 1600'F and 1200'F will be completed and a second 1,000-  
hour test will be initiated. 

4) The hot hardness and thermal expansion test programs will 
be initiated. 

5 )  Fabrication of the components for the load train f o r  the 
compression tests will be completed and the facility checked out 
using Mo-TZM test specimens. 

6) The design of the potassium heater for the friction and 
wear tester will be finalized and component parts ordered. 

7) Purchase orders will be placed f o r  the construction of the 
high vacuum friction and wear test rig. 
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